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A Note  on  the  Diagnosis  of  Trypanosoma 
vivax  Infection. 

By  P.  J.  DU  TOIT,  B.A.,  Dr. Phil.,  Dr.Med.Vet.,  Director  of 
Veterinary  Services. 


One  of  the  difficulties  experienced  by  veterinarians  working  in  the 
tsetse  fly  belt  of  the  Union  of  South  Africa  has  been  the  diagnosis 
of  Nagana.  When  trypanosomes  are  found  in  the  peripheral  blood 
stream,  the  diagnosis  is  simple  enough;  but  often  cases  are 
encountered  in  which  the  clinical  symptoms  point  to  Nagana  but 
where  no  trypanosomes  can  be  found  in  blood  smears.  Such  a 
state  of  affairs  is  unsatisfactory,  and  any  method  which  will  assist 
in  the  diagnosis  is  to  be  welcomed. 

Generally  speaking,  Trypanosoma  congolense  can  be  found  much 
more  easily  in  the  blood  of  cattle  than  Trypanosoma  vivax.  The 
former  may  be  very  frequent,  and  even  in  chronic  cases  of  infection 
is  seldom  entirely  absent  for  a long  period,  whereas  the  latter  is 
usually  so  rare  that  even  a prolonged  search  will  fail  to  reveal  them 
in  blood  smears  prepared  in  the  ordinary  way. 

The  difficulty  of  finding  T.  vivax  in  blood  smears  or  the  fresh 
blood  preparations  (hanging  drop)  is  clearly  demonstrated  in  an 
article  by  Curson  (1928),  in  which  details  are  given  of  experiments 
carried  out  by  Berg  in  1924. 

In  these  experiments  it  was  attempted  to  transmit  T.  vivax 
infection  from  two  cattle  into  sheep,  goats  and  horses.  Fairly  large 
quantities  of  fresh  blood  (20-50  c.c.)  were  used  for  the  subinocula- 
tions. Altogether  about  20  animals  were  injected  in  this  way;  but , 
although  clinical  symptoms  which  were  attributed  to  the  T.  vivax 
infection,  were  observed  in  the  majority  of  cases  and  some  of  them 
died,  trypanosomes  were  seen  only  in  one  sheep  on  one  occasion.  In 
none  of  the  other  animals  could  the  trypanosomes  be  demonstrated 
in  the  blood. 

An  interesting  observation  on  the  diagnosis  of  T.  vivax  in  cattle 
was  made  at  this  Laboratory  under  the  following  circumstances:- — 

At  Christmas,  1927,  the  late  Dr.  Claude  Fuller,  former  Chief 
Entomologist  for  the  Union  of  South  Africa,  returned  from  Zululand 
where  he  had  been  engaged  on  iselse  fly  investigations  on  behalf  of 
the  Division  of  Veterinary  Services,  and  brought  some  live  specimens 
of  Glossina  pallidipes  with  him.  These  flies  were  fed  daily  on  various 
animals,  amongst  others  on  heifer  1199.  Feeding  on  ibis  animal  took 
place  on  the  30th  and  31st  January,  1928.  Five  weeks  later  a few 
trypanosomes  of  the  type  of  T.  vivax  were  found  in  the  blood  of 
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1 199.  The  trypanosomes  may  have  been  present  earlier,  but  as  the 
tiies  were  not  suspected  of  being  infected,  the  blood  of  1199  was  not 
examined  regularly. 

On  the  8th  March,  1928,  a subinoculation  was  made  from  1199 
into  heifer  2475.  On  the  9th,  10th  and  1.1th  days  after  inoculation 
trypanosomes  were  found  in  small  numbers  in  the  blood  of  2475 , 
but  after  the  11th  day  no  further  trypanosomes  could  be  found  in 
the  blood  smears. 

On  the  2nd  April,  1928,  5 c.c.  blood  of  heifer  2475  was  sub- 
inoculated into  calf  2583.  Trypanosomes  appeared  on  the  7th  day 
after  the  injection  and  were  found  in  small  numbers  on  the  8th,  14th, 
16th  and  19th  days.  On  the  intervening  days,  and  subsequent  to  the 
19th  day,  no  trypanosmes  could  be  found  in  the  blood  smears. 
Apparently  calves  2475  and  2583  had  recovered  spontaneously. 

In  July,  1928,  a further  attempt  was  made  to  recover  this  strain 
of  trypanosomes.  Calves  2475  and  2583  had  meanwhile  been  used  in 
other  experiments  in  which  they  died.  The  only  hope,  therefore, 
was  to  recover  the  strain  from  1199.  Accordingly  on  the  14th  July, 
1928,  50  c.c.  of  blood  was  taken  from  1199  and  injected  into  calf 
2611.  A few  trypanosomes  were  found  in  the  blood  of  2611  on  the 
8th  day  and  again  on  the  27th  and  28th  days  after  the  injection. 
These  were  the  only  occasions  upon  which  7 . rivax  was  seen  in  blood 
smears  from  2611. 

On  the  8th  August,  1928,  20  c.c.  blood  was  subinoculated  from 
2611  into  calf  2793.  In  spite  of  repeated  examinations  of  blood 
smears,  no  trypanosomes  could  be  found  in  this  latter  calf.  On  the 
20th  September,  a further  quantity  of  50  c.c.  blood  was  injected  from 
2611  into  2793,  but  again  T.  vivax  failed  to  appear  in  the  blood. 

These  subinoculations  from  2611  into  2793,  whilst  apparently 
failing  to  transmit  T.  vivax,  did  succeed  in  setting  up  an  infection 
of  Pi  ro  plasma  bigerninum,  Anaplasma  marginale  and  Gonderia 
mutans  in  2793. 

On  the  19th  October,  1928,  while  searching  for  possible  develop- 
mental stages  of  Gonderia  mutans  in  gland  smears  of  2793  T.  vivax 
was  found,  in  fair 1//  large  numbers.  A careful  and  prolonged 
examination  of  the  blood  smears  of  this  animal  failed  to  reveal  any 
trypanosomes.  The  following  days  the  same  observation  was  made  : 
no  trypanosomes  found  in  the  blood  smears,  but  trypanosomes  fairly 
frequent  in  gland  smears. 

Thereupon  calf  2611  was  again  examined.  Trypanosomes  had  last 
been  seen  in  rare  numbers  in  the  blood  of  this  calf  on  the  10th 
August,  1928.  Blood  and  gland  smears  were  now  prepared  (20th 
October,  1928)  with  the  result  that  no  trypanosomes  were  found  in 
the  blood  smears,  whereas  trypanosomes  were  present  in  the  gland 
smears. 

The  value  of  gland  examination  for  the  diagnosis  of  T.  m rax 
seemed  obvious  from  these  observations.  To  test  the  point  further  6 
calves  (Nos.  2778,  2780,  2784,  2789,  2790  and  2800),  which  were 
under  daily  observation  in  another  experiment,  were  injected  each 
with  50  c.c.  blood  from  2793  on  the  24th  October,  1928.  Blood  and 
gland  smears  have  been  examined  regularly  since  then.  It  is 
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unnecessary  to  go  into  great  detail;  suffice  it  to  say  that  trypanosomes 
were  found  with  great  regularity  and  frequently  in  large  numbers 
in  the  gland  smears,  whereas  t hey  were  only  rarely  seen  in  the  blood 
smears. 

Up  to  date  (January,  1929)  the  number  of  blood  and  gland 
examinations  of  these  calves  is  G8.  On  eight  occasions  no 
trypanosomes  were  found  either  in  blood  or  gland  smears ; no  less 
than  55  times  were  trypanosomes  found  in  gland  smears  when  no 
trypanosomes  could  be  found  in  the  blood  smears,  and  only  on  five 
occasions  were  both  ldood  and  gland  smears  positive.  Thus  it  will  be 
seen  that  trypanosomes  were  found  in  blood  smears  only  five  times 
out  of  a total  of  68  examinations  (7.4  per  cent.)  whereas  they  were 
present  in  the  gland  smears  55  times  (80.9  per  cent.).  In  three 
animals  (2778.  2789  and  2800)  trypanosomes  were  never  seen  in  the 
blood  smears,  so  that  a negative  diagnosis  would  have  been 
returned  in  these  cases  if  the  glands  had  never  been  examined. 

The  marked  difference  between  blood  and  gland  smears  can  he 
illustrated  by  a few  examples: 

Date : 2nd  November,  1928. 

Calf'  2789,  blood  smears:  no  trypanosomes  seen  (10  minutes 

search) ; 

gland  smears  : T.  vivax  very  frequent  (8  and  more 
per  field). 

Calf  2784,  blood  smear:  one  specimen  of  T.  vivax  found  after 

prolonged  search  ; 

gland  smears  : T . vivax  very  frequent  (10  to  20 

trypanosomes  per  field). 

Figure  1 illustrates  the  frequency  of  the  trypanosomes  in 
the  gland  smear  just  referred  to. 

Entries  like:  “ blood  smear  negative,  gland  smear  T.  vivax  very 
frequent,”  occur  throughout  the  experimental  record. 

The  question  arose  whether  the  trypanosomes  would  be  more 
frequent  in  some  glands  than  in  others.  To  test  this  an  animal  was 
selected  (2778)  on  a day  (31  /II  / 1 928)  when  trypanosomes  were  found 
in  rare  numbers  in  the  gland  smears,  the  blood  smear  being  negative. 
Smears  were  then  prepared  from  the  right  and  left  prescapular  and 
• he  right  and  left  precrural  glands.  In  each  of  lliese  four  smears  the 
trypanosomes  were  found  to  lie  rare,  so  that  eight  or  ten  specimens 
were  seen  during  a five  to  ten  minutes’  search.  There  would  thus 
seem  to  be  no  essential  difference  between  the  glands  just  mentioned. 


On  looking  through  the  literature  a reference  was  found  to  this 
peculiar  predilection  of  T.  vivax  for  the  lymph  glands  in  an  article 
by  If.  E.  Hornby.  ‘‘Trypanosomes  and  Trypanosomiases  of  Cattle." 
./’///.  of  Comp.  Path,  and  Therap.,  Vol.  34,  Part  3,  September,  1921, 
where  the  author  writes  (on  page  227):  “ 1 have  found  that 

examination  of  gland  juice  is  more  likely  to  yield  positive  results  t han 
is  examination  of  blood.  A good  routine  procedure  includes  the 
examination  of  both  fresh  gland  juice  and  a stained  blood  film." 
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The  observations  recorded  above  have  shown  that  for  the 
diagnosis  of  T.  vivax  in  cattle,  gland  smears  are  very  much  more 
reliable  than  blood  smears,  dn  no  single  instance  did  a blood  smear 
reveal  trypanosomes  when  they  were  not  also  present  (usually  in 
much  larger  numbers)  in  the  gland  smear.  But,  on  the  other  hand, 
the  gland  smears  very  frequently  showed  trypanosomes  when  the 
corresponding  blood  smears  were  negative  (55  times  out  of  60 
positive  diagnoses). 

The  recommendation  of  Hornby  may  thus  be  amended  to  read, 
that  a good  routine  proced are  also  includes  the  examination  of 
stained  gland  smears.  As  a matter  of  fact,  in  our  examinations  it 
was  easier  to  find  trypanosomes  in  dried  gland  smears  than  in  a 
preparation  of  fresh  gland  juice. 

Conclusion. 

Examination  of  stained  gland  smears  has  been  found  to  be  a 
valuable  method  of  diagnosing  T.  vivax  in  cattle.  The  chances  of 
diagnosing  the  infection  in  the  gland  smear  as  compared  with  the 
blood  smear  are  as  12  to  1. 
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Figs.  1 and  2. — Single  specimens  of  Trypanosoma  vivax,  as  seen  in 
the  gland  smears  of  Calf  2784. 
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Figs.  3 and  4. — Numerous  specimens  of  Trypanosoma  vivax 
in  a gland  smear  of  Calf  2784. 
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The  Relation  of  the  Spleen  to  Immunity 
in  Bovine  Piroplasmosis. 


By  G.  1)E  IvOCK,  M.R.C.V.S.,  Dr. Med. Vet.,  D.Sc.,  Sub-Director 
of  Veterinary  Services. 


De  Kock  and  Quinlan  ( 1926)  showed  that  the  course  of  ovine 
anaplasmosis  in  South  Africa  was  of  such  a mild  nature  that  it  was 
not  identified  for  a long  time.  It  was  only  in  1924,  when  carriers 
of  ovine  Ana/plasma  were  splenectomized,  that  the  disease  was 
recognized  for  the  first  time.  Relapses  of  acute  anaplasmosis  fol- 
lowed, which  iu  some  instances  proved  fatal.  In  the  same  way 
splenectomy  in  equines,  the  carriers  of  Nuttallia  equi,  was  followed 
by  fatal  relapses  of  nuttalliosis.  In  bovines  relapses  of  anaplasmosis 
alone,  or  combined  with  piroplasmosis  and  gonderiosis,  followed. 

According  to  Ziemann  (1924),  it  would  appear  that  human 
patients  without  a spleen  showed  new  malaria  relapses,  in  some 
instances  ending  fatally.  Dealing  with  splenectomy  in  apes,  Gonder 
and  Rodenwalt  (1910)  maintain  that  Plasmodium  kochi  usually  dis- 
appears quickly  from  the  blood,  whereas  after  splenectomy  they 
remain  in  the  blood  in  large  numbers  for  months.  A similar 
observation  was  made  by  them  in  cases  of  splenectomy  on  dogs 
infected  with  Piroplasma  cams. 

Lauda  (1925)  showed  that  the  extirpation  of  the  spleen  in  rats 
was)  followed  by  a severe  anaemia,  and  that  this  was  dim  to  isome 
type  of  virus  vegetating  on  the  mucous  membrane  of  the  stomach  or 
intestine,  but  held  in  abeyance  hv  the  spleen.  When  the  spleen 
is  removed,  the  virus  gains  entrance  to  the  body,  and  after  an 
incubation  period  attacks  the  red  corpuscles.  Lauda  was  able  to 
reproduce  the  disease  in  splenectomized  susceptible  rats. 

Lauda’s  work  was  confirmed  by  Mayer  and  his  co-workers  (1927), 
who  noted  that  the  corpuscles  of  splenectomized  rats,  affected  with 
this  severe  anaemia,  contained  small  bacilliform  bodies  (Bartonella), 
resembling  Bartonella  bacilli  for  mis.  Ford  and  Eliot  (I92cS)  found 
that  the  blood  of  anaemic  splenectomized  rats,  taken  three  to  six 
days  after  removal  of  the  spleen,  will  produce  anaemia  in  young 
normal  rats  with  intact  spleen,  provided  that  these  rats  are  not  too 
old  or  too  large.  The  disease  develops  in  these  young  animals  in 
much  the  same  way  that  it  does  in  adults  after  splenectomy. 
Regendanz  and  Kikuth  (1928)  showed  that  splenectomy  in  “marsupial 
rats  ’’  was  followed  by  the  appearance  in  the  blood  of  a new  piro- 
plasm  ( Nuttallia  brasiliensis).  A latent  spirochaetal  infection  also 
became  activated  by  splenectomy.  Kikuth  (1928)  found  that  dogs 
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infected  with  Biroplanma  can  in,  and  Bartonella  canis,  when 
splenectomized,  showed  fatal  relapses  in  eight  cases  out  of  nine.  The 
reactions  were  so  acute  that  therapeutic  treatment  (i.e.  trypan-blue) 
had  no  effect  on  the  reactions.  Regendanz  (1928)  maintains  that 
Spirochaete  didelph ydes  multiplies  so  rapidly  in  ihe  blood  after 
splenectomy  that  death  follows  in  a comparatively  short  while. 

From  the  above  it  would  therefore  seem  that  the  spleen  has  a 
distinct  bearing  on  the  course  and  immunity  of  some  of  the  protozoal 
and  bacterial  diseases  in  man  and  animals.  The  exact  nature  of 
this  function  of  the  spleen  is  not  understood.  The  object  of  the 
present  paper  is  to  record  certain  observations  made  in  splenectomized 
bovines  with  regard  to  certain  aspects  of  their  immunity  against 
piroplasmosis. 

These  observations  were  made  at  Onderstepoort  in  1928  on  bovines 
splenectomized  in  1925  (see  Table  1). 


Table  1 . 


No.  of 
Animal. 

When 

Splenectomized. 

Result. 

Subsequent  History. 

1034. . . 

20, 1/25 

10/2/25,  relapse  of  piroplas- 
mosis  and  anaplasmosis. 
It  recovered  from  the 
the  former. 

On  23/6/28  injected  with  the 
local  strain  of  piroplasma 
and  anaplasma.  Died  of 
acute  redwater  on  5/7/28. 

1032 

21/4/25 

20/4/25,  relapse  of  piroplas- 
mosis and  anaplasmosis. 
It  recovered  completely 
from  the  former. 

On  10/2/28  turned  on  to  the 
veld  (west  camp).  On 

20/3/28  died  of  acute  red- 
water contracted  naturally. 

From  the  above  table  the  following  facts  seem  to  be  evident  : — 

(1)  both  animals  were  carriers  of'  Piroplasma  and  Anaplasma 

before  being  splenectomized ; 

(2)  in  both,  relapses  of  piroplasmosis  and  anaplasmosis 
occurred  after  splenectomy; 

(3)  both  animals  recovered  from  redwater  relapses,  and  in  the 
interval  between  the  last  reaction  in  1925  and  reinfection 
in  1928,  no  further  reactions  occurred  while  these  animals 
were  being  stabled  at  Onderstepoort; 

(4)  in  1928,  as  a result  of  reinfection,  they  seemed  to  have 
lost  their  immunity,  in  case  of  the  one  animal  after  the 
injection  of  blood  containing  the  local  strain,  and  in  the 
other  case  following  natural  infection  locally. 

Bovines  reared  on  the  veld  at  Onderstepoort  or  artificially 
immunized  against  piroplasmosis  and  anaplasmosis  seem  to  acquire  a 
lifelong  immunity  against  the  local  strain.  When  immunized  animals 
are  turned  on  to  the  veld,  they  are  able  to  withstand  natural  infection. 
In  malaria,  it  is  maintained  that  the  following  conditions  may  bring 
about  a relapse,  e.g.  colds,  excitations,  exposure,  sudden  exertion, 
abnormal  heat,  traumatic  influences,  etc.  It  is  said  that  break- 
downs in  the  immunity  of  piroplasmosis  may  occur  as  the  result 
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of  such  debilitating  diseases  as  East  Coast  fever  and  rinderpest. 
These  latter  two  diseases  can  be  definitely  ruled  out  at  Onderstepoort, 
and  it  is  extremely  doubtful  whether  there  are  any  authentic  cases 
on  record  f here  where  breakdowns  in  immunity  have  occurred  in 
immunized  bovines,  as  a result  of  some  other  disease  (e.g.  heart- 
water)  . Che  above  would  thus  indicate  that  the  cattle  at  Onderste- 
poort, before  being  turned  on  to  the  veld,  acquire  a good  lasting 
immunity  against  the  local  strain. 

From  the  acute  nature  of  the  reinfection  which  took  place  in  1928, 
when  the  immunity  of  Bovin#  1032  and  1034  (both  local  animals) 
were  subjected  to  a test,  it  would  appear  that  both  animals  had 
completely  lost  their  immunity.  In  fact,  they  seemed  to  have  become 
more  susceptible  than  the  ordinary  locally  bred  animal.  In  both 
instances  nearly  all  ithe  erythrocytes  in  the  blood  and  organs  revealed 
the  presence  of  parasites,  and  both  animals  showed  the  presence 
of  haemo-lymphoid-like  nodules  in  the  live]-.  These  nodules  are 
fully  described  and  discussed  by  De  Kock  (1929).  How  soon  after 
splenectomy  an  animal  loses  its  immunity  cannot  be  determined 
from  the  above  observations.  This  susceptibility  in  splenectomized 
bovines  only  manifested  itself  after  the  animals  had  been  exposed 
to  infection. 

Locally  bred  animals  naturally  immunize  more  readily  than 
imported  cattle.  This  may  probably  be  due  to  some  inherited 
resistance.  It  is  a well-known  fact  that  young  animals  of  any 
locality  where  piroplasmosis  and  anaplasmosis  exist  become  naturally 
immunized  to  that  local  strain  without  manifesting  severe  clinical 
symptoms.  On  the  other  hand,  it  has  been  shown  that,  if  regular 
and  constant  dipping  is  practised,  this  “ inherited  ” resistance  may 
actually  become  reduced,  or  even  lost  in  the  progeny,  and  such 
animals  become  almost  as  susceptible  to  redwater  and  gallsiekness  as 
imported  bovines. 

Recent  observations  made  at  Onderstepoort  showed  that  splenec- 
tomized locally  bred  bovines  (e.g.  870  and  894),  when  exposed  to  the 
local  strain  naturally,  died  of  acute  redwater.  Both  these  animals 
after  splenectomy  in  1925  showed  relapses  of  anaplasmosis  and  gon- 
deriosis.  They  did  not  react  to  piroplasmosis,  i.e.  they  were  evidently 
still  susceptible  to  that  disease.  Bovine  711,  locally  bred  and 
splenectomized  on  27.3.24  when  it  was  only  one  year  old,  showed 
a slight  relapse  of  anaplasmosis.  On  6.3.25,  when  inoculated  with 
the  ordinary  local  strain  of  redwater  and  gallsiekness,  it  showed 
a very  acute  reaction  of  redwater,  to  which  it  succumbed  on  14.3.25. 

When  these  results  obtained  in  splenectomized  locally  bred 
cattle  are  compared  with  well-known  facts  about  immunity  in  non- 
splenectomized  animals,  it  would  again  appear  that  the  spleen 
materially  assists  the  animal  in  acquiring  and  maintaining  its 
immunity.  Splenectomy  in  the  locally  bred  animal  in  some  way  or 
other  interferes  with  the  natural  inherited  resistance,  referred  to 
above  in  locally  bred  cattle.  Such  splenectomized  animals,  when 
exposed  to  the  local  natural  infection,  die  of  peracute  redwater. 
Their  susceptibility  resembles  that  of  imported  cattle,  and  in  fact 
becomes  even  more  enhanced. 
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A similar  observation  was  made  by  De  Kock  and  Quinlan  in 
case  of  anaplasmosis  in  slieep.  Susceptible  non-splenectomized  sheep 
inoculated  with  Anaplas ma  ovis  only  revealed  slight  symptoms  of’ 
an  oligocythaemia  without  any  clinical  manifestations  whatsoever. 
On  the  other  hand,  susceptible  splenectomized  sheep  infected  with 
Anaplasma  ovis  showed  acute  reactions  of  anaplasmosis  , which 
actually  proved  fatal  in  some  cases. 

Discussion. 

From  the  above  observations  it  would  definitely  appear  that 
the  spleen  plays  a part  in  the  acquisition  and  maintenance  of 
immunity  in  some  of  the  protozoal  diseases  of  man  and  animals. 
Unfortunately,  t lie  writer  was  handicapped  in  not  being  able  to 
obtain  more  references  of  importance  relating  to  the  role  played  by 
the  spleen  in  immunity.  The  few  available  may  briefly  be  referred 
to.  Knuth  and  Du  Toit  (1921)  maintain  that  the  immunity  in  piro- 
plasmosis  is  more  of  the  nature  of  a resistance  (labile  infection)  than 
a real  immunity,  and  this  resistance  is  acquired  and  not  inherited; 
the  resistance  of  calves  born  on  tick-infested  areas  is  not  hereditary, 
but  acquired,  etc.  According  to  the  observations  of  Gonder  and 
Rodenwalt  (1910),  the  spleen  seems  to  have  a decided  controlling 
influence  over  infection  in  some  of  the  protozoal  diseases.  Saigols, 
according  to  Gonder  and  Rodenwalt,  encountered  a fatal  case  of 
malaria  in  a human  with  congenital  splenic  aplasia.  Ziemann  is 
unable  to  suggest  what  exactly  is  the  role  of  the  spleen  in  these 
protozoal  infections.  Ford  and  Eliot  (1928)  are  of  opinion  that  these 
cases  of  anaemia  in  splenectomized  rats  which  have  once  had  the 
disease,  and  the  spontaneous  and  induced  relapses  in  recovered 
splenectomized  rats,  point  to  the  failure  of  the  immunizing  mechanism 
in  the  absence  of  the  spleen.  Why  the  young  spleen  is  unable  to 
protect  the  animal  against  invasion  with  the  virus,  and  the  adult 
spleen  is  usually  so  effective,  is,  according  to  them,  a matter  for  future 
investigation.  Other  organs  do  not  assume  this  function  of  pro- 
tection, shown  by  the  relapse  of  splenectomized  rats  many  months 
after  recovery.  Cl.  Schilling  (1927)  maintains  that  labile  infections 
depend  on  the  balance  between  host  and  parasite,  in  which  case 
antibodies  are  formed  in  such  amounts  that  no  marked  increase  of  the 
parasites  takes  place.  If  this  balance  is  upset  by  any  injury  to  the 
host,  then  rapid  multiplication  of  the  parasites  may  take  place. 
Regendanz  (1928)  refers  to  an  observation  of  Tictin,  viz.,  that 
immunity  also  takes  place  in  splenectomized  apes,  and  when  such 
immunity  is  present,  it  does  not  disappear  after  splenectomy. 
Regendanz,  according  to  his  own  observations  on  the  occurrence  of 
Spirochaete  didelphydes  in  the  splenectomized  opossum,  states  that 
spirochaetes  multiply  so  rapidly  in  the  blood  that  death  follows  in  a 
relatively  short  time.  The  antibodies  in  the  case  of  the  non-splenec- 
tomized opossum  destroy  the  spirochaetes  quickly  and  set  up  an 
immunity.  He  further  discusses  the  question  as  to  whether  the  spleen 
alone  is  the  building  centre  of  antibodies  in  case  of  spirocliaetosis. 
Regendanz  is  of  the  opinion  that  the  spleen  plays  an  important,  if  not 
an  exclusive,  role  in  the  formation  of  antibodies  in  case  of  spiro- 
chaetosis.  According  to  tbe  observations  of  Lannoy  and  Briihl 
(quoted  by  Regendanz),  the  spleen  only  plays  a relative  part  in 
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the  formation  of  antibodies  in  fowl  spirochaetosis.  It  has,  however, 
been  shown  by  many  investigators  that  the  functions  of  the  reticulo- 
endothelial system  as  studied  in  mammals  cannot  be  compared  with 
that  of  birds. 

In  this  brief  discussion  of  the  literature,  it  will  be  realized  that 
very  little  exact  information  is  available  about  the  precise  function 
of  the  spleen  in  bringing  about  and  maintaining  the  immunity  in 
such  diseases  as  piroplasmosis,  anaplasmosis,  spirochaetosis  and 
bartonella.  Some  authors  are  definitely  of  the  opinion  that  the  spleen 
is  the  only  organ  capable  of  setting  up  an  immunity  and  that  it 
plays  the  sole  part  in  the  formation  of  antibodies. 

It  would  appear  that  these  antibodies  are  continually  liberated 
in  the  spleen  by  virtue  of  a labile  or  latent  infection  which  is  main- 
tained by  the  spleen  probably  on  account  of  its  involved  system  of 
blood  sinuses. 

in  the  case  of  splenectomy  in  piroplasmosis  and  anaplasmosis,  a 
relapse  takes  place  as  a result  of  the  multiplication  of  the  parasites 
present  in  the  circulation.  The  antibodies  still  circulating  in  the 
system  will  determine  whether  the  animal  can  recover  from  such 
a relapse  or  whether  the  parasites  will  predominate  and  bring  about 
the  death  of  the  animal.  If  the  animal  recovers  from  such  relapse, 
it  may  remain  immune  for  some  time  by  virtue  of  the  antibodies 
still  present  in  the  circulation.  The  amount  of  antibodies  present 
in  the  blood  after  splenectomy  will  determine  the  course  of  a relapse. 
Due  to  the  absence  of  the  spleen,  no  further  antibodies  are  produced, 
and  in  this  way  the  animal  in  time  again  becomes  susceptible. 

From  the  above  observations  it  would  appear  that  the  spleen  alone 
functions  in  the  formation  of  antibodies.  Bovines  succumbed  to  a 
reinfection,  in  spite  of  the  fact  that  they  revealed  at  post-mortem 
hypertrophy  of  haemo-lymph  glands  and  the  presence  of  numerous 
haemo-lymphoid-like  nodules  in  the  liver.  Stephens  (1927)  main- 
tains that  in  the  case  of  haemo-lymph  glands  analogy  with  the 
structure  of  the  splenic  pulp  suggests  similar  functions  for  the  spleen. 
The  spleen  also  seems  to  play  a part  in  respect  of  an  inherited 
immunity  in  piroplasmosis.  Most  probably  calves  born  from  animals 
running  on  infected  veld  are  much  less  susceptible  than  calves  from 
imported  animals.  It  was  shown  that  when  such  calves  of  the 
locality  are  splenectomized  they  seem  to  lose  this  inherited  resistance 
and  become  as  it  were  hypersuseeptible  to  infection.  In  t lie  human 
being  a fatal  case  of  malaria  is  recorded  in  congenital  splenic  aplasia. 


Conclusions. 

(1)  There  seems  to  be  no  doubt  that  the  spleen  lias  a distinct 
bearing  on  the  course  and  immunity  of  some  of  the  protozoal  diseases 
in  man  and  animals.  It  is  responsible  for  the  acquisition  and  main- 
tenance of  immunity. 

(2)  The  mechanism  of  this  immunity  as  displayed  by  the  spleen 
is  not  understood. 

(3)  Cattle  at  Onderstepoort  acquire,  either  naturally  or  arti- 
ficially, a good  lasting  immunity  against  the  local  strain  of  red  water 
and  gallsiekness. 
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(4)  Splenectomized  bovines,  although  bred  at  Onderstepoort, 
seem  to  become  far  more  susceptible  than  the  other  animals  with  a 
spleen,  when  exposed  to  natural  infection. 

(5)  Locally  bred  animals  immunize  naturally  more  easily  than 
imported  stock.  This  is  probably  due  to  some  inherited  resistance. 

(6)  Splenectomy  practised  in  the  locally  bred  animal  seems  to 
interfere  with  natural  inherited  resistance. 

(7)  It  would  appear  that  immunity  results  from  the  production 
of  antibodies  by  the  spleen. 

(8)  The  spleen  seems  to  be  the  only  organ  capable  of  maintaining 
the  production  of  antibodies. 

(9)  The  amount  of  antibodies  present  in  the  circulation  will 
determine  whether  the  animal  survives  the  relapse  following  splenec- 
tomy or  not. 

(TO)  The  animal  after  recovery  from  a relapse  may  remain 
immune  as  long  as  there  are  antibodies  present  in  the  circulation. 
This  immunity  is  temporary  and  disappears  completely  after  some 
time,  probably  due  to  the  fact  that  no  spleen  is  present  to  produce 
further  antibodies. 
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1-5  tli  An  n mil  Report  of  the  Vi  rector  of  Veterinary  Services, 
Union  of  South  Africa.  October,  1929. 


The  Transmission  of  East  Coast  Fever 
by  Means  of  Blood.* 


By  Sib,  ARNOLD  THEILER,  E.C.M.Gr.,  D.Sc.,  etc.,  late  Director 
of  Veterinary  Education  and  Research, 
and 

P.  I.  DU  TOIT,  B.A.,  Dr. Phil.,  Dr. Med. Vet.,  Director  of  Veterinary 
Services,  Onderstepoort. 


In  1927  Sergent,  Donatien,  Parrot,  Lestoquard  and  Plantureux 
published  an  article  on  the  Theilerioses  of  cattle,  with  special  reference 
to  “ East  Coast  fever  ” and  the  “ North  African  theileriosis.”  In 
this  article  experiments  are  described  which  were  carried  out  with 
ticks  infected  with  Tlieileria  pare  a.  which  were  obtained  from  the 
Onderstepoort  Laboratories.  Sergent  kindly  sent  us  a summary  of 
the  results  before  the  publication  of  the  article. 

The  fact  that  these  authors  had  succeeded  in  transmitting  East 
Coast  fever  by  means  of  blood  inoculations  came  as  a great  surprise 
to  us;  for,  up  till  then,  it  was  always  believed  that  this  disease  could 
not  be  transmitted  with  the  blood  of  infected  animals.  This  con- 
clusion was  reached  after  many  unsuccessful  injections  of  blood  into 
the  jugular  vein.  We  had  also  carried  out  inoculations  under  the 
skin  and  into  the  glands,  with  negative  results,  but  probably  the 
number  of  inoculations  had  not  been  large  enough  to  warrant  a final 
conclusion. 

After  receipt  of  Sergent’s  report  we  decided  therefore  to  repeat, 
with  South  African  cattle,  the  experiments  carried  out  by  the  North 
African  workers.  The  following  list  indicates  the  method  of  injec- 
tion employed  and  the  results  obtained  bv  them  : — 

A.  Intraperitoneal : one  calf,  result  negative. 

B.  Subcutaneous,  intradermal  and  into  the  glands:  one  calf, 

result  positive. 

C.  Intrajugular : two  calves,  result  negative. 

1).  Subcutaneous : one  calf,  result  negative. 

E.  Into  the  glands:  one  calf,  result  negative. 

F.  Intradermal : one  calf,  result  negative. 

fx.  Subcutaneous,  intraperitoneal,  intradermal  and  into  the 
glands  : two  calves,  one  positive  and  one  negative. 

H.  Intraperitoneal  and  intradermal  : one  calf,  result  negative. 

I.  Subcutaneous  and  intradermal : two  calves,  one  positive 

and  one  negative. 


* This  article  has  appeared,  in  a slightly  different  form,  in  French,  in  the 
“ Bulletin  de  la  Societe  de  Pathologic  exotique,”  Vol.  21,  No.  2,  pp.  121-132, 
February,  1 f)28. 
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Among1  the  twelve  inoculated  calves  there  were  thus  only  three 
positive  cases,  and  all  of  these  had  been  injected  in  two  to  four 
different  places. 

Since  it  was  thought  that  the  North  African  cattle  might 
possibly  be  more  susceptible  than  our  South  African  cattle,  we 
decided  to  repeat  the  experiments,  using  the  same  quantity  of  blood, 
but  taking  a larger  number  of  animals  in  order  to  determine  which 
method  would  yield  the  best  results. 

We  shall  begin  with  the  history  of  the  animals  from  which  the 
blood  was  obtained  for  the  inoculations  and  shall  then  describe  the 
experiments  in  detail. 

BLOOD  DONORS  FOR  THE  INOCULATIONS. 

I.  Natural  Infections. 

1.  Heifer  1195  (Experiment  2890).  Infected  nymphae  of  Rhipi- 
cephalus  appendiculatus  (Batch  782)  were  fed  on  this  heifer  on  the 
■3rd  January,  1927.  The  incubation  period  lasted  11  days,  the  fever 
reaction  19  days;  the  heifer  died  of  East  Coast  fever.  Koch’s  bodies 
were  found  in  the  glands  and  small  piroplasms  ( Theileria  parva)  were 
present  in  large  numbers  in  the  blood,  which  was  subsequently  used 
to  inject  the  following  cattle:  — 

2090,  1199,  2038  and  1944  (in  experiment  2918);  1114,  1071  and  2207 
(in  experiment  2951);  1776,  2054,  1894  and  1196  (in  experiment 
2920);  2070,  1803,  2066  and  1656  (in  experiment  2919). 

2.  O.v  1944  (Experiment  3008)  was  infected  on  the  18th  March, 
1927,  with  nymphae  of  Rhipicephalus  appendiculatus  (Batch  856). 
The  incubation  period  lasted  12  days  and  the  fever  reaction  13  days, 
after  which  the  animal  died  of  East  Coast  fever.  Koch’s  bodies  were 
found  in  the  glands,  and  very  numerous  small  piroplasms  ( Tlieileria 
parva),  and  also  Koch's  bodies  in  the  blood.  The  blood  was  used  for 
injection  into  the  following  cattle:  2230,  2192,  2102,  2104,  2107  and 
2108  (experiment  3041). 

3.  Ox  2096  (Experiment  3008)  was  infected  on  the  14th  April, 
1927,  with  adults  of  Rhipicephalus  appendiculatus  (Batch  857).  It 
contracted  and  died  of  East  Coast  fever.  The  incubation  lasted  10 
days,  the  febrile  period  16  days.  Koch’s  bodies  were  found  in  the 
glands  on  the  third  day  of  the  fever,  and  small  piroplasms  ( Theileria 
parva)  were  present  in  large  numbers  in  the  blood  towards  the  end  of 
the  disease.  The  blood  of  ox  2096  (mixed  with  the  blood  of  2119  and 
2192)  was  used  for  the  injection  of  cattle  2122  and  2193  (experiment 
3057). 

4.  Ox  1109  (Experiment  2835)  was  infected  on  the  20th  Novem- 
ber, 1926,  with  adults  of  Rhipicephalus  appendiculatus  (Batch  848). 
It  contracted  East  Coast  fever  and  recovered.  The  incubation  period 
lasted  nine  days  and  the  fever  reaction  17  days.  Small  piioplasms 
( Theileria  parva)  were  present  in  the  blood,  which  was  used  for  the 
infection  of  cow  1477  (experiment  2872). 

5.  Bull  1015  (Experiment  2836)  was  infected  on  the  20th  Novem- 
ber, 1926,  with  nymphae  of  Rhipicephalus  appendiculatus  (Batch 
781),  as  a result  of  which  it  contracted  East  Coast  fever  and  died. 
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The  incubation  period  lasted  nine  days,  the  fever  reaction  2d  days. 
A large  number  of  Koch’s  bodies  were  present  in  the  glands,  and 
small  piroplasms  (Theileria.  parva)  were  very  numerous  in  the  blood, 
which  was  used  for  the  infection  of  cow  1486  (experiment  2872). 

6.  Ox  1045  (Experiment  2836)  was  infected  on  the  20th  Novem- 
ber, 1926,  with  nymphae  of  Rhipicephalus  appendiculatus  (Batch 
781);  it  contracted  East  Coast  fever  and  died.  The  incubation  period 
lasted  nine  days  and  the  fever  reaction  14  days.  Koch’s  bodies  were 
present  in  large  numbers  in  the  glands  and  small  piroplasms  ( Thei - 
leria  parra)  were  very  numerous  in  the  blood,  which  was  used 
for  the  infection  of  heifer  1484  (experiment  2872). 

7.  Heifer  2452  (Experiment  3070)  was  infected  on  the  10th 
June,  1927,  with  nymphae  of  Rhipicephalus  appendiculatus  (Batch 
868).  It  contracted  East  Coast  fever  and  died.  The  incubation 
period  lasted  11  days  and  the  fever  reaction  20  days.  Koch’s  bodies 
were  present  in  the  glands  and  small  piroplasms  (Theileria  parva) 
were  very  numerous  in  the  blood,  which  was  used  for  the  injection 
of  cattle  2102,  2104  and  2193  (experiment  3057.) 

8.  Heifer  2408  (Experiment  3032)  was  infected  on  the  16th  July, 
1927,  with  nymphae  of  Rhipicephalus  appendiculatus  (Batch  868). 
She  contracted  East,  Coast  fever  and  died.  The  incubatoin  period 
lasted  10  days  and  the  fever  reaction  26  days.  Koch’s  bodies  were 
found  in  the  glands  on  the  sixth  day  of  the  reaction  and  small  piro- 
plasms (Theileria  parva)  were  present  in  large  numbers  in  the  blood, 
which  was  used  for  the  inoculation  of  cattle  2102  and  2104  (experi- 
ment 3185). 

II.  Infection  by  Means  of  Blood  Inoculations. 

9.  Heifer  1656  (Experiment  2919)  received  on  the  30th  January, 
1927,  injections  of  165  c.c.  blood  of  heifer  1195  (Donor  No.  1)  under 
the  skin,  into  the  peritoneal  cavity,  into  the  glands,  and  into  the 
skin.  She  contracted  East  Coast  fever  and  died.  The  incubation 
period  lasted  15  days  and  the  fever  reaction  11  days.  Koch’s  bodies 
were  found  from  the  fourth  day  of  the  reaction  onward  in  the  glands, 
and  small  piroplasms  (Theileria  parva)  were  numerous  in  the  blood, 
which  was  used  for  the  injection  of  cattle  1773,  1894,  2054  and  2076 
(experiment  2990),  and  2098  (experiment  2989). 

10.  Tollie  2038  (Experiment  2918)  received  on  the  20th  January, 
1927,  injections  of  252.5  c.c.  of  blood  of  heifer  1195  (Donor  No.  1) 
subcutaneously  and  intradermally,  as  a result  of  which  it  contracted 
East  Coast  fever  and  died.  The  incubation  period  lasted  12  days 
and  the  fever  reaction  26  days.  Koch  s bodies  appeared  in  the  glands 
on  the  second  day  of  the  reaction  and  small  piroplasms  (theileria 
parva)  were  very  numerous  in  the  blood,  which  was  used  for  the 
inoculation  of  cattle  2164,  1759  and  2119  (experiment  2961). 

11.  Bull  1894  (Experiment  2990)  received  on  the  241  h February, 
1927,  injections  of  252.5  c.c.  blood  of  heifer  1656  (Donor  No.  9) 
subcutaneously  and  intradermally;  this  case  represented  the  second 
generation  of  successful  transmissions  of  East  ( oast  fever  by  means 
of  blood  inoculation.  The  incubation  period  lasted  IS  days  and  the 
f'ever  reaction  16  days,  after  which  the  animal  recovered.  Koch's 
bodies  were  found  in  the  glands  from  tin*  second  day  onward,  and 
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small  piroplasms  ( Theileria  parva)  were  present  in  large  numbers 
in  the  blood,  which  was  used  for  the  injection  of  cattle  1477,  1725, 
1759  and  2119  (experiment  3021);  2066,  1589  and  1803  (experiment 
2989). 

12.  Heifer  2192  (experiment  3041)  received  on  the  12th  April, 
1927,  injections  of  252.5  c.c.  blood  of  ox  1944  (Donor  No.  2)  sub- 
cutaneously and  intradermally  and  contracted  East  Coast  fever.  The 
incubation  period  lasted  13  days  and  the  fever  reaction  12  days 
when  the  animal  was  killed.  Koch's  bodies  were  present  in  large 
numbers  in  the  glands,  and  small  piroplasms  (Theileria  parva)  were 
frequent  in  the  blood,  which  was  used  for  the  inoculation  of  cattle 
2122  and  2193  (experiment  3057);  and  1477,  1725  and  1759  (experi- 
ment 3064). 

13.  Heifer  2119  (Experiment  3021)  received  on  the  26th  March, 
1927,  an  intradermal  injection  of  5 c.c.  blood  of'  bull  1894  (Donor 
No.  11) ; this  case  therefore  represented  the  third  generation  of 
successful  transmissions  of  East  Coast  fever  by  means  of  blood  inocula- 
tion. The  incubation  period  lasted  very  long,  namely,  28  days,  and 
t lie  fever  reaction  17  days,  when  the  animal  died  of  East  Coast  fever. 
Koch’s  bodies  were  found  in  the  glands  and  small  piroplasms  ( Thei- 
leria parva)  were  numerous  in  the  blood,  which  was  used  for  the 
inoculation  of  cattle  2122  and  2193  (experiment  3057). 

14.  Tollie  2122  (Experiment  3057)  received  on  the  5th  May, 
1927,  100  c.c.  defibrinated  blood  of  cattle  2096  (Donor  No.  3),  2119 
(No.  13),  and  2192  (No.  12)  into  the  peritoneal  cavity.  It  contracted 
East  Coast  fever  and  died.  The  incubation  period  lasted  15  days 
and  the  fever  reaction  20  days.  Koch’s  bodies  were  present  in  the 
glands  and  sm,all  piroplasms  ( Theileria  parva)  were  numerous  in  the 
blood,  which  was  used  for  the  inoculation  of  cattle  1725  and  1759 
(experiment  3064). 

III.  Infection  by  Means  of  Injection  of  an  Emulsion  of  Infected 

Ticks. 

15.  Heifer  1121  (Experiment  2484)  received  on  the  12th  April, 
1926,  an  injection  of'  an  emulsion  of'  12  nymphae  of'  Rhipicephalus 
appendieulatus  (Batch  725).  The  incubation  period  lasted  nine  days 
and  the  fever  reaction  20  days,  when  the  animal  died  of  East  Coast 
fever.  Koch’s  bodies  were  present  in  the  glands  and  small  piroplasms 
(Theileria  parva ) were  numerous  in  the  blood,  which  was  used  for 
the  inoculation  of'  cattle  1109  and  1114  (experiment  2525). 

TRANSMISSION  EXPERIMENTS. 

A.  Attempt  to  Transmit  East  Coast  Fever  by  the  Intrajugular 
Injection  of  Blood. 

EXPERIMENT  2872. 

1.  Cow  1477  received  on  the  18th  December,  1926,  a transfusion 
of'  1,000  c.c.  blood  of  ox  1109  (Donor  No.  4).  on  the  19th  day  of  the 
fever  reaction. 

Result : negative. 
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2.  Cow  1484  received  on  the  18th  December,  1926,  a transfusion 
of  1,000  c.c.  blood  of  ox  1045  (Donor  No.  6),  on  the  14th  day  of  the 
fever  reaction. 

Result:  negative. 

This  cow  showed  a rise  of  temperature  on  the  18th  day  after  the 
transfusion,  with  small  piroplasms  in  the  blood. 

3.  Cow  1486  received  on  the  21st  December,  1926,  a transfusion 
of  1,000  c.c.  blood  of  bull  1015  (Donor  No.  5),  on  the  22nd  day  of 
the  fever  reaction. 

Result : negative. 

EXPERIMENT  2961. 

4.  Ox  1759  received  on  the  7th  February,  1927,  an  injection  of 
100  c.c.  blood  of  tollie  2038  (Donor  No.  10),  on  the  sixth  day  of  the 
fever  reaction. 

Result : negative. 

EXPERIMENT  2525. 

5.  Ox  1109  and 

6.  Ox  1114  received  on  the  10th  May,  1926,  a transfusion  each 

of  2,000  c.c.  blood  of  heifer  1121  (Donor  No.  15),  on  the  20th  day  of 
the  fever  reaction. 

Result : negative. 

Ox  1109  had  a rise  of  temperature  on  the  first  day  and  ox  1114 
on  the  second  day  after  transfusion;  but  after  that  the  tempera- 
ture was  normal. 

Summary . 

Five  cattle  received  transfusions  of  1,000  or  2,000  c.c.  blood  and 
a sixth  animal  an  injection  of  100  c.c.  blood  of  East  Coast  fever 
animals  into  their  jugular  vein  without  contracting  the  disease. 

B.  Subcutaneous  Injection  of  Blood. 

EXPERIMENT  2961. 

1.  Heifer  2119  received  on  the  7th  February,  1927,  a subcutaneous 
injection  of  100  c.c.  blood  of  tollie  2038  (I)onor  No.  10),  on  the 
sixth  day  of  the  fever  reaction. 

Result:  negative. 

EXPERIMENT  2989. 

2.  Tollie  2098  received  on  the  24th  February,  1927,  a subcu- 
taneous injection  of  250  c.c.  blood  of  heifer  1656  (Donor  No.  9),  on 
the  10th  day  of  the  fever  reaction. 

Result : positive. 

This  animal  showed  an  irregular  fever  reaction  from  the  sixth 
to  the  18th  day  after  injection,  with  Piroplasma  bigeminum  in  Ihe 
blood.  Koch’s  bodies  were  present  in  small  numbers  in  the  glands, 
and  small  piroplasms  ( Theileria  parva ) were  seen  in  the  blood  after 
the  fever  reaction. 

The  immunity  of  this  animal  was  tested  on  no  less  than  seven 
occasions  with  ticks,  nymphae  and  adults  of  Rhipicephulus  append  i- 
culatus,  which  had  transmitted  East  Coast  fever  to  other  animals, 
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but  without  result;  on  two  further  occasions  infected  blood  was 
injected  into  this  tollie,  but  again  with  negative  results.  The 
immunity  of'  tollie  2098  was  therefore  beyond  doubt. 

3.  Ox  2066  received  on  the  25th  March.  1927,  a subcutaneous 
injection  of  250  c.c.  blood  of  bull  1894  (Donor  No.  11),  on  the  11th 
day  of  the  fever  reaction. 

Result : negative. 

4.  Heifer  1589  and 

5.  Ox  1803  received  on  the  25th  March,  1927,  a subcutaneous 
injection  of  250  c.c.  each  of  blood  of  bull  1894  (Donor  No.  11).  on 
the  11th  day  of  the  fever  reaction. 

Results  : negative. 

These  animals  received  on  the  5th  Ma.y,  1927,  each  2,000  c.c. 
blood  subcutaneouslv  of  Donors  Nos.  2096  (3),  2119  (13),  and 
2192  (12). 

Results  : again  negative. 

EXPERIMENT  3041. 

6.  Ox  2107  and 

7.  Heifer  2108  received  on  the  12th  April,  1927,  each  a subcu- 
taneous injection  of  250  c.c.  blood  of  ox  1944  (Donor  No.  2),  on  the 
12th  day  of  the  fever  reaction. 

Results : negative. 

These  two  animals  showed  an  irregular  temperature  with  P. 
bigeminum,  Anaplasrna  marginale  and  small  piroplasms  in  the  blood. 

Summary. 

Seven  cattle  received  subcutaneous  injections  of  100  to  2,000  c.c. 
of  East  Coast  fever  blood,  with  one  positive  and  six  negative  results. 

C.  Intradermal  Injection  of  Blood. 

EXPERIMENT  2961. 

1.  Tollie  2104  received  on  the  7th  February,  1927,  an  intradermal 
injection  of  10  c.c.  blood  of  tollie  2038  (Donor  No.  10),  on  the  seventh 
day  of  the  fever  reaction. 

Result : negative. 


EXPERIMENT  3021. 

2.  Cow  1477 ; 

3.  Ox  1725; 

4.  Ox  1759;  and 

5.  Heifer  2119  each  received  on  the  26th  March,  1927,  an  intra- 
dermal injection  of  5 c.c.  blood  of  bull  1894  (Donor  No.  11),  on 
the  12th  day  of  the  fever  reaction. 

Results  : 1477,  1725,  and  1759  negative,  2119  positive. 

This  heifer  showed  a fever  reaction  from  the  29th  day  after 
injection  until  the  45th  day,  when  it  died.  Koch’s  bodies  were  found 
in  the  glands  and  large  numbers  of  small  piroplasms  ( Theileria  parva) 
in  the  blood. 
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EXPERIMENT  3041. 

6.  Heifer  2102  and 

7.  Ox  2104  each  received  on  the  12th  April,  1927,  an  intraderma  1 
injection  of  5 c.c.  blood  of'  ox  1944  (Donor  No.  2),  on  the  12th  day 
of  the  fever  reaction. 

Results : negative. 

Heifer  2102  showed  an  irregular  temperature,  which  could  not 
be  regarded  as  East  Coast  fever.  Piroplasma  bigeminum  and  small 
piroplasms  were  found  in  the  blood.  The  animal  recovered. 

Ox  2104  did  not  show  a temperature  reaction,  but  Ana  plasma 
marginale  and  small  piroplasms  were  seen  in  its  blood. 

EXPERIMENT  2951. 

8.  Ox  1114; 

9.  Ox  1671:  and 

10.  Tollie  2207  each  received  on  the  2nd  February,  1927,  an 
intradermal  injection  of  2.5  c.c.  blood  of  heifer  1195  (Donor  No.  1), 
on  the  19th  day  of  the  fever  reaction. 

Results : negative. 

Summary . 

Nine  cattle  received  intradermal  injections  of  10,  5 or  2.5  c.c. 
virulent  blood.  (Ox  2104  received  two  injections  of  10  c.c.  and 
5 c.c.)  Only  one  (heifer  2119)  gave  a reaction  which  could  be  inter- 
preted as  East  Coast  fever  and  ended  fatally. 

I).  Intraperitoneal  Injection  of  Bi.ood. 

EXPERIMENT  3057. 

1.  Tollie  2122  received  on  the  5th  May,  1927,  an  intraperitoneal 
injection  of  100  c.c.  of  a mixture  of  blood  of  ox  2090  (Donor  No.  3), 
on  the  9th  day  of  the  fever  reaction,  heifer  2192  (Donor  No.  12) 
on  the  10th  day  of  the  fever  reaction,  and  heifer  2119  (Donor  No.  13) 
on  the  11th  day  of  the  reaction. 

Result : positive. 

This  animal  showed  a fever  reaction  from  the  10th  day  after  the 
injection  up  to  the  day  of  its  death,  on  the  35th  day.  In  the  glands 
numerous  Koch’s  bodies  were  present,  and  in  the  blood  both  Ana- 
plasma  marginale  and  sm.all  piroplasms  (Tlieileria  parva)  were  found. 

2.  Tollie  2193  was  treated  in  the  same  way  as  tollie  2122. 

Result : positive. 

The  animal  showed  a fever  reaction  from  the  19th  to  the  20th 
day  after  inoculation  and  recovered.  Anaplasma  marginale,  Piro- 
plasina  bigenun  u.m  and  small  piroplasms  were  present  in  t he  blood, 
but  Koch’s  bodies  were  not  found  in  the  glands. 

This  animal  subsequently  received  two  more  intraperitoneal  injec- 
tions: on  the  8th  June,  1927,  100  c.c.  blood  of  tollie  2122  (sec  above, 
this  same  experiment)  on  the  19th  day  of  the  reaction,  and  on  the 
7th  July,  1927,  100  c.c.  blood  of  heifer  2452  (Donor  No.  7)  on  the 
17th  day  of  the  fever  reaction. 

Result : negative. 
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The  immunity  of  this  animal  was  tested  nine  times  with  infected 
ticks,  nymphae  and  adults  of  Rhipicephalus  appendiculatus,  which 
had  produced  cases  of'  East  Coast  fever  in  other  animals,  but  without 
results.  It  would  seem  more  than  probable  therefore  that  the  reaction 
which  toll ie  2193  showed  after  the  intraperitoneal  injeciton  was 
actually  a mild  attack  of  East  Coast  fever;  although  this  cannot  be 
proved,  seeing  that  Koch's  bodies  were  never  seen. 

3.  Heifer  2102  and 

4.  Ox  2104  each  received  on  the  7th  July,  1927,  an  intraperi- 
toneal injection  of  100  c.c.  blood  of  heifer  2452  (Donor  No.  7),  on 
the  17th  day  of  the  fever  reaction. 

Results:  negative. 

Heifer  2102  had  a rise  of  temperature  on  the  29th  day  after 
injection  with  small  piroplasms  in  its  blood,  but  this  could  not  be 
regarded  as  an  attack  of  East  Coast  fever. 

Ox  2104  showed  no  reaction. 

Summary . 

Four  cattle  received  intraperitoneal  injections  of  virulent  blood. 
Tollie  2122  contracted  East  Coast  fever  and  died;  tollie  2193  showed 
a doubtful  reaction  which  may  have  been  a mild  attack  of  East  Coast 
fever;  and  the  other  two  remained  negative. 

E.  Subcutaneous  and  Intradermal  Injections  of  Blood. 
EXPERIMENT  2918. 

1.  Tollie  2038  received  on  the  20th  January,  1927,  a subcu- 
taneous injection  of  250  c.c.  and  an  intradermal  injection  of  2.5  c.c. 
blood  of  heifer  1195  (Donor  No.  1),  on  the  6th  day  of  the  fever 
reaction . 

Result:  positive. 

This  animal  showed  an  incubation  period  of  10  days  and  a fever 
reaction  lasting  15  days,  and  died  of  East  Coast  fever.  In  the 
glands  Koch’s  bodies  were  found,  and  in  the  blood  small  piroplasms 
( Theileria  parva)  were  frequent,  and  Piroplasma  bigeminuui  was  also 
present. 

2.  Ox  1944  received  on  the  23rd  January,  1927,  the  same 
quantities  of  blood  as  tollie  2038,  above,  taken  from  heifer  1195 
(Donor  No.  1),  on  the  9th  day  of  the  fever  reaction. 

Result:  negative. 

This  animal  showed  no  temperature  reaction  and  was  tested 
afterwards  with  infected  ticks  (nymphae  of  Rhipicephalus  appendi- 
culatus, batch  856),  when  it  contracted  East  Coast  fever  and  died  (see 
Donor  No.  2). 

3.  Ox  2096  received  on  the  27th  January,  1927,  a subcutaneous 
injection  of  25(1  c.c.  and  an  intradermal  injection  of  2.5  c.c.  blood 
of  heifer  1195  (Donor  No.  1)  on  the  13th  day  of  the  fever  reaction. 

Result:  negative. 

This  animal  showed  a slight  temperature  reaction  from  the  6th 
to  the  10th  day  after  injection,  with  small  piroplasms  in  the  blood. 
It  was  tested  later  on  for  immunity  with  infected  ticks  and  died  of 
East  Coast  fever  (see  Donor  No.  3). 
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4.  Heifer  1199  received  on  the  30th  January,  1927,  similar  injec- 
tions to  the  above  of  blood  taken  from  heifer  1195  (Donor  No.  1),  on 
the  Kith  day  of  the  fever  reaction. 

Result : negative. 

This  heifer  had  a fever  reaction  lasting  six  days,  after  an  incuba- 
tion of  14  days.  Numerous  Koch’s  bodies  were  found  in  the  glands 
and  large  numbers  of  small  piroplasms  ( Theileria  parva)  in  the  blood. 
This  was,  therefore,  a case  of  East  Coast  fever  with  recovery. 

EXPERIMENT  2990. 

5.  Tollie  1773; 

0.  Bull  1894; 

7.  Tollie  2054;  and 

8.  Tollie  2070  each  received  on  the  24th  February,  1927,  a 
subcutaneous  injection  of  250  c.c.  and  an  intradermal  injection  of 
2.5  c.c.  blood  of  heifer  1656  (Donor  No.  9),  on  the  10th  day  of  the 
fever  reaction. 

Result : positive  for  all  four. 

Tollie  1773  had  a reaction  with  an  incubation  of  13  days  and  a 
fever  lasting  14  days,  at  the  end  of  which  it  died.  In  the  glands 
there  were  many  Koch's  bodies  and  in  the  blood  small  piroplasms 
( Theileria  parva)  and  P.  bigeminum  were  present. 

Bull  1894  had  a fever  reaction  lasting  nine  days  with  an  incuba- 
tion of  10  days  and  recovered.  In  its  blood  small  piroplasms  ( Thei- 
leria parva)  were  found  and  in  the  glands  large  numbers  of  Koch's 
bodies. 

Tollie  2054  showed  a fever  reaction  of  12  days  after  an  incuba- 
tion of  14  days,  and  recovered.  In  its  blood  small  piroplasms 
(Theileria  parva)  were  found  and  in  its  glands  Koch’s  bodies. 

On  the  30th  April,  1927,  infected  ticks  (adults  of  Rhipicephalus 
ap p e ndicu latus)  (Batch  857),  which  transmitted  East  Coast  fever  to 
ox  2090  (Donor  No.  3),  were  fed  on  tollie  2054  without  producing  a 
reaction,  thus  proving  the  immunity  of  this  animal  against  East 
Coast  fever. 

Tollie  2070  had  a slight  reaction  from  the  12th  to  the  19th  day 
after  inoculation,  with  small  piroplasms  in  the  blood. 

On  the  4th  April,  1927,  and  again  on  the  25th  April,  23rd  May, 
14th  July,  21st  July,  26th  July,  and  3rd  August  infected  tic  ks  were 
placed  on  tollie  2070  without  producing  a reaction.  On  the  31st 
August  injections  of  virulent  blood  were  made  subcutaneously,  ihtra- 
dermally  and  intraperitoneally ; and  on  the  28th  September  infected 
spleen  and  gland  pulp  was  injected  without  breaking  the  immunity 
of  this  animal. 

EXPERIMENT  3041. 

9.  Heifer  2230  and 

10.  Heifer  2192  each  received  on  the  12th  April,  1027,  a subcu- 
taneous injection  of  100  c.c.  (250  c.c.  in  the  case  of  2192)  and  an 
intradermal  injection  of  2.9  c.c.  blood  of  ox  1944  (Donor  No.  2),  on 
the  12th  day  of  the  fever  reaction. 

Result,',  negative  in  the  case  of  2230  and  positive  in  the  case  of 
2192. 
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Heifer  2230  showed  an  irregular  temperature  with  P.  bigeminum, 
A.  marginale  and  a few  small  piroplasms  in  the  hlood.  and  recovered. 

Heifer  2192  showed  a typical  East  Coast  fever  reaction  with  an 
incubation  period  of'  13  days  and  a fever  lasting  12  days,  when  the 
animal  was  killed.  Koch’s  bodies  were  frequent  in  the  glands  and 
numerous  small  piroplasms  ( Theileria  parva)  and  P.  bigeminum  were 
present  in  the  blood. 

Summary . 

Ten  animals  received  subcutaneous  and  intraderm, al  injections. 
Tin  ■ee  donors  were  used  for  these  injections;  of  these  heifer  1195 
(No.  1)  and  ox  1944  (No.  2)  had  been  infected  by  means  of  ticks,  and 
heifer  1656  (No.  9)  by  means  of  blood  inoculation.  Two  cases  which 
were  treated  with  the  hlood  of  1195  (taken  on  the  9th  and  12th  day) 
were  negative,  and  the  other  two  cases  were  positive  (blood  taken  on 
the  6th  and  15tli  day).  The  animal  injected  with  blood  taken  on  the 
sixth  day  died,  and  the  other,  treated  with  hlood  on  the  15th  day, 
recovered. 

Of  the  two  animals  injected  with  the  blood  of  ox  1944  taken  on 
the  12th  day  of  the  reaction,  one  was  negative  and  the  other  con- 
tracted typical  East  Coast  fever  and  was  killed. 

The  four  cattle  injected  with  the  blood  of  1656,  taken  on  the 
10th  day  of  the  fever  reaction,  all  contracted  East  Coast  fever;  one 
died  and  three  recovered. 

Hence  of  the  10  cattle  used  in  this  experiment,  seven  were 
positive  (two  deaths,  one  killed  and  four  recoveries)  and  three  were 
negative. 


F.  Injections  of  Blood  Subcutaneously,  Intradermally  and  into 

THE  Gf  LANDS. 

EXPERIMENT  2920. 

1.  Tollie  1776  received  on  the  20th  January,  1927,  a subcutaneous 
injection  of  250  c.c.,  an  intradermal  injection  of  2 c.c.,  and  an  injec- 
tion into  the  glands  of  10  c.c.  blood  of  heifer  1195  (Donor  No.  1),  on 
the  sixth  day  of  the  fever  reaction. 

Result : negative. 

2/  Tollie  2054  received  on  the  23rd  January,  1927,  the  same 
injections  as  in  the  previous  case  of  blood  taken  from  heifer  1195  on 
the  ninth  day  of  the  fever  reaction. 

Result : negative. 

3.  Bull  1894  received  on  the  27th  January,  1927,  injections  as 
ibove,  of  blood  of  heifer  1195,  taken  on  the  13th  day  of  the  fever 
reaction. 

Result : negative. 

4.  Heifer  1196  received  on  the  30th  January,  1927,  injections 
as  above,  of  blood  of  heifer  1195,  taken  on  the  16th  day  of  the  fever 
reaction. 

Result : doubtful. 

This  heifer  showed  a fever  reaction  from  the  20th  to  the  24th  day 
after  injection  with  small  piroplasms  in  the  hlood.  No  Koch’s  bodies 
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were  found  in  the  glands,  so  that  it  seems  unlikely  that  this  animal 
reacted  to  the  original  injections. 

Summary. 

Three  of  the  four  cattle  injected  with  blood  of  heifer  1195  on 
the  6th,  9th,  and  13th  day  of'  the  reaction  remained  negative.  The 
fourth  animal  (heifer  1196)  injected  with  blood  taken  on  the  16th  day 
showed  a slight  reaction  which,  however,  was  probably  due  to 
“ Gonderia-  mutans  and  not  to  Theileria  parva.  It  is  interesting 
to  note  that  heifer  1656  in  experiment  2919  (see  below),  which 
received  blood  from  heifer  1195  on  the  same  day,  contracted  East 
Coast  fever. 

G.  Injections  of  Blood  Subcutaneously,  Intradermally,  Intra- 

PERITONEALLY  AND  INTO  THE  GLANDS. 

EXPERIMENT  2919. 

1.  Tollie  2076  received  on  the  20th  January,  1927,  a subcutaneous 
injection  of  60  c.c..,  an  intradermal  injection  of  5 c.c.,  an  intra- 
peritoneal  injection  of  60  c.c.,  and  an  injection  into  the  glands  of 
40  c.c.  blood  of  heifer  1195  (Donor  No.  1),  on  the  sixth  day  of  the 
fever  reaction. 

Result:  negative. 

2.  Ox  1803  received  injections  as  above  of  blood  of  heifer  1195 
on  the  23rd  January,  1927,  the  ninth  day  of  the  fever  reaction. 

Result : negative. 

3.  Ox  2066  received  injections  as  above,  of  blood  of  heifer  1 195, 
on  the  27th  January,  1927,  the  13th  day  of  the  fever  reaction. 

Result : negative. 

4.  Heifer  1656  received  injections  as  above,  of  blood  of  heifer 
1195,  on  the  30th  January,  1927,  the  16th  day  of  the  fever  reaction. 

Result : positive. 

This  heifer  died  of  East  Coast  fever.  The  incubation  period  lasted 
15  days  and  the  fever  reaction  11  days.  Koch's  bodies  were  found  in 
the  glands  and  small  piroplasms  {Theileria  parra)  were  numerous  in 
the  blood. 

Summary . 

Heifer  1195,  which  served  as  blood  donor  for  this  experiment, 
was  suffering  from  East  Coast  fever  for  19  days.  Blood  taken  on  the 
6th,  9th,  and  13th  days  of  the  fever  reaction  did  not  produce  the 
disease  in  the  animals  which  were  injected;  but  blood  taken  on  the 
16th  day  (three  days  before  death)  produced  the  disease  in  heifer  1656. 

II.  Subcutaneous  Injection  of  Blood  and  Rubbing  Blood  into 
Scarified  Skin. 

EXPERIMENT  3185. 

In  the  experiments  recorded  in  Section  E above  (experiments 
2918  2990  and  3041)  it  was  shown  that  East  Coast  fever  could  be 
transmitted  in  a fairly  high  percentage  of  cases  by  means  of  subcu- 
taneous and  intradermal  injections  of  blood.  The  present  experiment 
was  undertaken  to  determine  whether  the  same  results  would  be 
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obtained  if  the  blood  was  rubbed  into  the  skin,  instead  of  being 
injected  into  it. 

1.  Heifer  2102  and 

2.  Ox  2104  received  on  the  13th  August,  1927,  a subcutaneous 
injection  of  25  c.c.  blood  of'  heifer  2408  (Donor  No.  8),  on  the  17th 
day  of  the  fever  reaction,  and  at  the  same  time  blood  was  rubbed 
into  the  scarified  skin  at  the  seat  of  the  injection. 

Result : negative. 

Summary . 

Two  cattle  which  received  virulent  blood  subcutaneously  and 
had  the  same  blood  rubbed  into  scarifications  on  the  skin  remained 
negative. 

I.  Rubbing  Spleen  and  Gland  Pulp  and  Blood  into  Scarified  Skin. 
EXPERIMENT  3064. 

This  experiment  wras  undertaken  to  see  whether  the  scarified  skin 
is  a suitable  portal  of  entry  for  the  East  Coast  fever  infection.  Spleen 
and  gland  pulp  was  used  because  this  material  is  capable  of  setting  up 
the  infection  fairly  easily  when  injected  into  the  jugular  vein. 

1.  Cow  1477  was  scarified  on  the  back  on  the  7th  May,  1927,  and 
spleen  and  gland  pulp  obtained  from  heifer  2192  (Donor  No.  12)  was 
rubbed  into  the  scarifications. 

Result : negative. 

Fresh  scarifications  were  made  on  the  10th  June,  1927,  and 
infected  spleen  and  gland  pulp  obtained  from  tollie  2122  (Donor 
No.  14)  again  rubbed  in,  with  negative  results. 

2.  Ox  1725  and 

3.  Ox  1759  were  scarified  on  the  7th  May,  1927,  and  treated  with 
the  same  material  as  cow  1477.  On  the  8th  June  and  again  on  the 
9tli  June,  1927,  fresh  scarifications  were  made  on  their  backs  and 
infected  blood  of  tollie  2122  (Donor  No.  14)  rubbed  in. 

Result : negative. 

Summary. 

Three  animals  were  scarified  on  their  backs  and  infected  material 
(spleen  and  gland  pulp  and  blood)  rubbed  into  the  scarifications  with 
negative  results. 

In  order  to  facilitate  reference  the  results  of  the  above  experi- 
ments have  been  tabulated  in  the  following  way:  — 
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Immunity  Test. 

Result. 

Negative. 

Negative. 

Negative. 

Negative. 

Negative. 

Negative. 

Negative. 

Negative. 

Negative. 

Ticks  used. 

Rhip.  append,  nymphae 
(batch  856) 

Rh.  app.  adults  (857) 
and  nymphae  (847) 
Rh.  app.  adults  (857).. 
Rh.  app.  nymphae  (868) 
Rh.  app.  nymphae  (868) 
Rh.  app.  nymphae  (869) 
Rh.  app.  nymphae  (889) 
Subc..  intradermal  and 
intraperitoneal  in- 

jections of  E.C.F. 
blood 

Subc.,  intrad.,  intraperit. 
and  injection  into 
glands  of  E.C.F.  blood 

Date. 

3.4.27 

25.4.27 

23.5.27 

14.7.27 

21.7.27 

26.7.27 

3.8.27 

31.8.27 

28.9.27 

Expt. 

No. 

1 1 1 1 1 1 if  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Result. 

Fate  of 
Animal. 

I 1 1 1 1 1 1 g 1 1 1 1 I 1 1 1 If  ! 1 1 1 1 

Trans- 
mission 
of  East 
Coast 
Fever. 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

Negative 

Negative 

Negative 

N egat.i  ve 

Negative 

1 

18.12.26 

18.12.26 

18.12.26 

7.2.27 

10.5.26 

10.5.26 

7.2.27 

24.2.27 

25.3.27 

(1)  25.3.27 

(2)  5.5.27 

12.4.27 

12.4.27 

7.2.27 

26.3.27 
26.3.27 
26  3 • 27 

26.3. 27 

12.4.27 
12.4.27 

2.2.27 
2.2.27 
2.2.27 

Obtained 

from 

Donor  No. 

4 
6 

5 

10 

15 

15 

10 

9 

11 

(1)  11 

(2)  3,  12,  13 
2 
2 

10 

11 

11 

11 

11 

2 

2 

1 

1 

1 

Quantity  of 
Blood 
Injected. 

1,000  C.C. 
1,000  C.C. 

1.000  C.C. 
100  C.C. 

2.000  c.c. 
2,000  c.c. 

100  c.c. 
250  c.c. 

250  c.c. 
\(1)  250  c.c. 
/ (2)2,000  c.c. 
250  c.c. 
250  c.c. 

10  c.c. 
5 c.c. 
5 c.c. 
5 c.c. 
5 c.c. 
5 c.c. 
5 c.c. 
2-5  c.c. 
2 5 c.c. 
2-5  c.c. 

sins  a mu  issimiia 

Expt. 

No. 

i ii  a i ii  1 1 

Method  of 
Inoculation. 

1 1 1 

o 

A 

B 

C 
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CONCLUSIONS. 


1.  In  the  South  African  experiments  six  cattle  were  injected 
with  virulent  blood  into  the  jugular  vein  ; all  six  remained  negative. 
In  the  North  African  experiments  two  cattle  were  treated  in  this  way 
and  both  remained  negative. 

2.  Injection  of  blood  under  the  shin.  South  African  experi- 
ments : seven  cattle,  of  which  one  was  positive  (with  recovery)  and 

six  negative.  North  African  experiment : one  negative  case. 

3.  Injection  into  the  skin.  South  African  experiments:  nine 

cattle,  of'  which  one  was  positive  (with  death)  and  eight  were  negative. 
North  African  experiment  : one  negative  case. 

4.  Injection  into  the  peritoneal  cavity.  South  African  experi- 
ments : four  cattle,  of  which  one  was  definitely  positive,  another 

most  likely  positive,  and  two  negative.  North  African  experiment: 
one  negative  case. 

5.  Injection  into  the  glands.  This  experiment  was  not  carried 
out  in  South  Africa.  In  North  Africa  one  animal  was  treated  with 
negative  result. 

6.  Injection  under  the  skin  and  into  the  skin.  South  African 

experiments : 10  cattle,  of  which  seven  were  positive  (two  deaths, 

four  recoveries,  and  one  which  was  killed),  two  definitely  negative, 
and  one  (2230)  probably  also  negative.  North  African  experiments: 
two  cattle,  of'  which  one  was  positive  (recovery)  and  one  negative. 

7.  Injection  into  the  peritoneal  cavity  and  into  the  skin.  This 
experiment  was  not  carried  out  in  South  Africa.  In  North  Africa 
one  animal  was  done  with  negative  result. 

8.  Injection  under  the  skin,  into  the  skin,  and  into  the  glands. 

South  African  experiments:  four  cattle;  all  four  negative.  North 
African  experiments : one  positive  case. 

9.  Injection  under  the  skin,  into  the  skin,  into  the  peritoneal 
cavity,  and  into  the  glands.  South  African  experiments:  four  cattle, 
of  which  one  case  was  positive  (death)  and  three  negative.  North 
African  experiments:  two  cattle,  one  positive  (recovery),  one  negative. 

10.  Injection  under  the  skin  and  rubbing  blood  into  the  scarified 
skin.  South  African  experiments:  two  cases,  both  negative. 

11.  Rubbing  infected  spleen  and  gland  pulp  (and  blood)  into  the 
scarified,  skin.  South  African  experiments  : three  cattle,  all  negative. 

Altogether  49  cattle  were  used  in  the  South  African  experiments 
described  above.  Of'  these,  12  gave  positive  reactions  with  five  deaths 
and  six  recoveries  (one  animal  was  killed);  36  were  negative  and  one 
doubtful  (probably  also  negative).  Hence  we  had  about  24  per  cent, 
positive  cases. 

The  method  of  inoculation  which  gave  the  best  results  in  our 
experiments  was  the  injection  of'  blood  under  the  skin  and  into  the 
skin;  with  this  method  we  had  70  per  cent,  successes.  Possibly  this 
favourable  result  must  be  ascribed  to  the  blood  donor  (1656)  with 
whose  blood  nothing  but  positive  results  were  obtained,  even  when  a 
simple  subcutaneous  injection  was  given.  It  would  seem,  therefore. 
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that  it.  is  the  donor  which  determines  the  result  of  the  inoculation. 
In  the  case  of  Donor  No.  165(i  it  is  of  interest  to  note  that  this  animal 
was  itself  infected  by  means  of  blood  inoculation. 

In  the  North  African  experiments  12  cattle  were  injected  with 
positive  results  in  three  cases  (all  of'  which  recovered)  and  negative 
results  in  nine  cases.  The  percentage  of  successes  was  therefore  25. 
In  these  experiments  the  disease  seems  to  have  taken  a milder  course 
than  in  our  experiments,  where  nearly  50  per  cent,  of'  the  positive 
cases  died. 
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15th  Annual  lie-port  of  the  Director  of  Veterinary  Services, 
Union  of  South  Africa.  October,  1929. 


Dipping  as  a Method  of  Eradicating  East 
Coast  Fever. 


By  P.  J.  DU  Tull,  B.A.,  Dr. Phil.,  Dr. Med. Vet.,  Director  of 
Veterinary  Services,  and 

P.  R.  VILJOEN,  M.R.C.V.S.,  Dr. Med. Vet..,  Deputy-Director 
of  Veterinary  Services. 


I.  INTRODUCTION. 

Dip  ping  as  a method  of  controlling  and  eradicating  East  Coast  fever 
has  been  practised  in  the  Union  of  South  Africa  for  more  than  20 
years,  with  varying  success.  For  years  it  has  been  felt  that  more 
accurate  information  was  needed  on  various  aspects  of  this  subject, 
and  hence,  when  an  opportunity  presented  itself  a few  years  ago 
of  studying  t lie  problem  under  very  favourable  conditions  in  the 
field,  a series  of  experiments  was  started  in  the  hope  of  clearing 
up  some  of  these  difficulties.  The  results  of  these  experiments  will 
lie  recorded  in  the  following  pages. 

Dipping  of  cattle,  as  a preventive  or  an  eradicative  measure 
against  East  Coast  fever,  was  started  soon  after  the  first  appearance 
of  the  disease  in  South  Africa.  In  the  Cape  a farmer  named 
Douglas  started  dipping  his  stock  about  the  year  1898,  while,  in 
Natal,  Joseph  Baynes  built  a dipping  tank  in  1901.  Baynes  persisted 
in  his  efforts  to  free  cattle  of  ticks  by  dipping,  and  certainly  had 
considerable  success  in  so  far  as  the  eradication  of  the  common  Blue 
tick  ( Boophilus  clecoloratus)  was  concerned. 

At  that  time  dipping  at  intervals  of  14  days  was  resorted  to, 
and  it  was  generally  believed  that  it  was  neither  safe  nor  practical  to 
dip  cattle  at  shorter  intervals.  In  1905  the  Principal  Veterinary 
Officer,  Natal,  referred  officially  to  dipping  or  spraying  as  a method 
ol  dealing  with  East  Coast  fever,  and  considered  it  of  value  only 
as  a preventive  before  the  disease  lmd  actually  broken  out  on  the 
farm.  Sinclair  in  an  official  communication  to  the  Principal  Veteri- 
nary Officer,  Natal,  in  November,  1900,  mentioned  that  clipping 
(14  days’  interval)  had  been  tried  against  East  Coast  fever  in 
Rhodesia,  but  that  it  had  not  checked  the  disease.  Even  in  the  early 
days  of  East  Coast  fever  eradication,  most  persons  connected  with 
the  work  realized  that,  with  an  interval  as  long  as  10  to  14  days, 
dipping  could  not  be  relied  upon  to  destroy  all  the  ticks  on  infected 
animals,  since  the  larval  and  nymphal  stages  of  the  brown  tick 
remained  on  their  hosts  for  a period  of  about  three  days  only.  This 
was  one  of  the  main  reasons  why  dipping  was*  not  adopted  as  an 
official  method  of  dealing  with  East  Coast  fever  much  earlier  than 
was  actually  the  case. 
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In  spite  of'  this  disadvantage,  we  find  that  the  Minister  of 
Agriculture  (Natal)  issued  an  Order  as  long  ago  as  May,  1908,  to  the 
effect  that  all  cattle  in  the  Richmond  infected  area  had  to  be  dipped 
at  fortnightly  intervals.  During  1909  the  Cape  Government  officially 
sanctioned  the  construction  of  a number  of  dipping  tanks  in  native 
areas  near  the  Natal  border. 

In  June,  1908,  Pitchford  commenced  his  work  on  the  dipping  of 
cattle;  he  tested  out  certain  dipping  fluids  and  proved  that  by  using 
certain  strengths  of  arsenite  of  soda  a dipping  interval  of  five  days 
could  be  maintained  with  safety  to  the  animals;  at  the  same  time 
the  dip  was  efficacious  in  destroying  the  ticks.  Pitchford’s  dip  was 
stronger  than  that  employed  by  Haynes,  and  consequently  it  was  not 
found  necessary  to  apply  special  treatment  to  inaccessible  parts  (ears, 
etc.)  as  was  done  at  Nelsrust  (Baynes).  Practical  experience  with 
Pitchford’s  5-day-interval  dipping  showed  subsequently  that  there 
was  a continuation  of  infection  on  East  Coast  fever  farms,  in  spite 
of  this  short-interval  dipping;  in  other  words,  some  infected  ticks 
escaped  destruction. 

Pitchford  then  sought  to  reduce  the  dipping  interval  still  further, 
and  as  a result  of  further  experiments  proved  that  dipping  at  3-day 
(72  hours)  intervals  could  be  adopted  with  safety  by  reducing  the 
arsenical  strength  of  the  dip;  such  a fluid  was  still  effective  in  destroy- 
ing larval  and  nymphal  as  well  as  most  adult  ticks.  He  found, 
further,  that  with  this  reduced  strength  of  dip,  special  treatment  of 
the  ears  of  the  animals  was  necessary,  especially  to  destroy  the 
nymphal  ticks  which  found  protection  in  the  waxy  substance  com- 
monly present  inside  the  ears.  Pitchford  also  proved  that  this  system 
of  dipping  or  spraying  (3-day  intervals  with  hand-dressing  of  the 
ears,  etc.)  was  completely  effective  in  preventing  infected  ticks  from 
dropping  off  sick  animals  alive,  and  thus  infecting  the  farm  further. 
On  the  other  hand,  he  did  not  prove  experimentally  that,  by  adopting 
this  short-interval  dipping  on  a farm,  infected  ticks  could  be  kept 
away  from,  or  rendered  harmless  on,  the  dipped  animals.  This 
point  must  be  emphasized,  since  the  impression  seems  general  that 
no  East  Coast  fever  infection  can  be  transmitted  to  animals  which 
are  submitted  to  regular  dipping  and  hand-dressing.  In  this  con- 
nection Pitchford  himself  says:  “ The  farmer  will  check  with 

certainty,  and  with  little  or  no  loss,  an  invasion  of  East  Coast  fever.” 

Since  the  results  of  Pitchford’s  classical  experiments  were  pub- 
lished in  1910,  dipping  with  hand-dressing  has  become  the  officially 
recognized  method  of  dealing  with  East  Coast  fever  in  the  Union. 
At  first  the  3-day  interval  was  adhered  to,  but  later  it  was  found  that 
practically  the  same  results  could  be  obtained  with  dipping  at  5-day 
intervals. 

Generally  speaking,  dipping  as  a method  of  controlling  East 
Coast  fever  has  been  quite  successful,  but  there  are  many  defects  and 
practical  difficulties  connected  with  the  system;  these  will  be  discussed 
at  a later  stage. 

II.  DIPPING  EXPERIMENTS. 

In  spite  of  the  possibility  of  short-interval  dipping  and  the 
fact  that  it  has  been  in  official  use  for  nearly  20  years,  East  Coast 
fever  infection  is  still  present  in  some  parts  of  the  Union.  If  we  take 
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as  an  example  the  Richmond  district  of  Natal,  where  dipping  has 
been  practised  for  over  20  years,  we  find  that  the  disease  is  still 
present  there  to-day  on  a fairly  large  scale,  and,  in  a recent  out- 
break, has  caused  a very  heavy  mortality  on  certain  farms. 

During  the  past  few  years,  many  instances  have  come  to  our 
notice  where,  in  spite  of  regular  short-interval  dipping  and  hand- 
dressing,  the  mortality  continued  unabated  and  it  was  not  possible 
to  eradicate  all  infection  on  the  farm  within  the  prescribed  period, 
of  about  15  months ; in  other  words,  the  dipping  did  not  seem  to 
check  the  disease,  and  further  infection  of  ticks  apparently  took 
place.  As  a result  of  this  experience,  farmers  have  become  alarmed 
and  have  even  suggested  that  the  arsenical  dips  no  longer  had  the 
same  destructive  effects  on  the  ticks. 

In  order  to  learn  more  about  the  effects  of  dipping  on  the  ticks 
and  on  the  course  of  East  Coast  fever  on  an  infected  farm,  a series 
of  experiments  was  planned.  These  experiments  were  carried  out 
under  natural  conditions  on  an  infected  farm — and  not  under 
laboratory  conditions,  as  was  the  case  with  all  previous  experiments 
of  a similar  nature. 

The  dipping  experiments  were  conducted  under  the  personal 
direction  of  the  authors,  while  the  detailed  study  of  the  effects  of  the 
different  dips  on  the  ticks  themselves  was  entrusted  to  Mr.  (x.  A.  H. 
Bedford,  Entomologist  to  the  Division.  The  latter  will,  therefore, 
submit  a separate  report  on  his  observations,  and  to  this  frequent 
reference  will  have  to  be  made. 


(A)  CONDITIONS  UNDER  WHICH  THE  EXPERIMENTS 
WERE  CARRIED  OUT. 

For  the  purpose  of  these  experiments  we  were  able  to  select  a 
farm,  “ Ivindergoed,”  district  Belfast,  Transvaal,  which  could  he 
considered  ideal  from  all  points  of  view. 

It  was  situated  in  a deep  low-lying,  warm,  moist  valley  (Elands- 
laag’te  valley),  on  the  Pretoria-Komat ipoort  railway  line,  and  was 
well  fenced. 

The  farm  was  surrounded  on  three  sides  by  high  mountains,  the 
summits  of  which  continued  on  to  the  high  veld;  there  was,  there- 
fore, very  little  danger  of  infection  spreading  in  these  directions.  On 
the  fourth  side  there  was  a continuation  of  the  low-lying  valley,  but 
the  position  here  was  safeguarded  by  citrus  farms  well  fenced  and 
divided  into  many  fenced  camps. 

The  farm  was  bisected  by  the  railway  line  and  the  Elands 
River,  which  ran  parallel  with  the  railway;  (lie  experimental 
cattle  were  kept  entirely  on  the  south  side  of  the  railway. 
Apart  from  this  river,  the  farm  was  also  crossed  by  a stream 
which,  in  the  rainy  season,  was  fairly  strong  and  which  had 
to  be  crossed  by  the  cattle  when  they  were  taken  to  I In' 
dipping  tanks.  This  stream  may  be  said  to  have  interfered 

somewhat  with  the  dipping  experiments,  but  to  avoid  dipping  fluid 
being  washed  off  the  animals’  feet  when  crossing  the  stream,  the 
cattle  were  kept  away  from  the  water  for  some  hours  after  dipping. 
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In  order  to  study  the  influence  of  this  running  water  on  the  dipped 
cattle,  some  animals  in  certain  experiments  were  made  to  pass  through 
an  arsenical  footbath  every  second  or  third  morning  before  proceeding 
to  the  veld. 

All  cattle  were  carefully  herded  while  out  grazing  during  the 
day,  and  at  night  were  kept  in  well-constructed  kraals.  Near  the 
kraals  a small  fenced  camp,  a few  acres  in  extent,  was  constructed, 
and  in  this  enclosure  all  sick  cattle  were  kept  under  close  supervision. 

W1  ten  the  experiments  were  started  (September,  1927),  there  was 
one  cattle  dipping  tank  on  the  farm,  but  before  the  end  of'  October 
a second  one  had  been  completed.  The  low-lying,  warm,  and  moist 
valley  in  which  the  farm  is  situated  is  very  favourable  to  tick  life 
and  at  different  times  during  the  course  of  the  experiments  ticks  were 
found  in  abundance.  The  climatic  conditions  in  the  valley  were  ideal 
for  the  propagation  of  ticks  and  the  spread  of  East  Coast  fever. 

In  September,  1927,  the  farm  was  grossly  infected  with  East 
Coast  fever,  although  at  that  time  the  mortality  in  the  local  cattle 
had  decreased  considerably.  The  disease  was  first  diagnosed 
officially  in  May,  1927,  and  during  the  ensuing  30  days  no  fewer  than 
30  deaths  occurred  in  a herd  of  240  head  of  cattle,  thus  indicating  that 
the  infection  had  been  present  on  the  farm  for  some  considerable  time 
prior  to  its  discovery.  The  dipping  tank  on  the  farm  was  out  of 
order  and  it  was  not  until  the  20th  July  that  regular  short-interval 
dipping  could  be  carried  out.  Two  months  later  (21st  September), 
when  the  experiments  started,  only  52  head  of  cattle  were  left  on  the 
farm,  and.  as  subsequent  events  proved,  most  of  these  had  recovered 
from  attacks  of  East  Coast  fever.  The  farm  could,  therefore,  be 
described  as  grossly  infected. 


(B)  FIRST  SERIES  OF  EXPERIMENTS. 

The  first  experiment  of  the  series  was  commenced  on  the  21.9.27, 
and  the  others  were  started  subsequently  when  further  animals  had 
been  received;  all  these  experiments  were  discontinued  on  the 
31.10.27. 


Main  Object. 

The  main  object  of  this  series  of  experiments  was  to  determine 
the  preventive  action  which  the  official  5-day  dipping  and  hand- 
dressing had  against  East  Coast  fever  in  cattle  exposed  on  a badly 
infected  farm. 


EXPERIMENT  No.  1.  (S.  3249.) 

Duration,  from  21.9.27  to  27.10.27.* 


* Although  the  experiment  terminated  on  this  latter  date,  the  cattle  were 
kept  under  observation  for  a further  period,  and  many  of  them  which  contracted 
East  Coast  fever  in  the  course  of  the  experiment  died  a considerable  time  after 
the  conclusion  of  the  experiment. 
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Treatment. — Five-day-interval  dipping  t and  hand-dressing  + 
with  tobacco  and  oil  mixture  (1  : 10). 

Results. — The  results  of  the  experiment  can  conveniently  be 
summarized  in  tabular  form. 
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t Bv  the  term  “ five-day  interval  ” is  meant  a clear  period  of  four  days 
between  consecutive  dipping  days.  Thus  dipping  would  be  carried  out  on  the 
1st,  6th,  11th.  16th,  etc.,  of  the  month.  Similarly  “ three-dan  interval  dipping  ” 
means  dipping  on  the  1st,  4th,  7th,  10th,  etc.,  of  the  month.  “ Five-day 
dipping  ” always  implies  dipping  in  “ five-day  strength  ” of  a plain  aqueous 
solution  of  arsenite  of  soda,  i.e.  2 lb.  commercial  arsenite  of  soda  (containing 
80  per  cent.  As„0,)  in  every  100  gallons  of  water,  or  0.16  per  cent.  As.,0.,. 

“ Th  ree-day  strength  ” contains  1 lb.  arsenite  of  soda  in  100  gallons  of 
water,  or  0.08  per  cent.  As,0,;  and  “ fourteen-day  strength  ” 3 lb.  arsenite  of 
soda,  or  0.24  per  cent.  As20,. 

J By  hand-dressing  is  meant  the  application  by  hand  of  tick-destroying 
agents  to  parts  of  the  animal  which  are  not  reached  with  certainty  by  the 
dipping  fluid  in  the  ordinary  course  of  dipping.  The  parts  which  are  usually 
submitted  to  this  treatment  are  the  insides  of  the  ears,  the  skin  between 
the  caudal  folds,  and  round  the  anus.  These  parts  are  wetted  to  some  extent 
during  the  process  of  dipping,  but  experience  has  shown  that  ticks  situated 
there  are  not  killed  with  any  degree  of  certainty;  this  is  especially  the  case 
with  larval  and  nymphal  brown  ticks  that  are  commonly  situated  deep  down 
in  the  cavity  of  the  ears. 

Hand-dressing  materials  are  usually  made  up  of  a fatty  or  oily  base,  in 
which  is  included  either  arsenite  of  soda  or  tobacco  extract.  Quite  commonly 
a colouring  agent  is  added,  the  advantage  being  that  animals  which  have 
undergone  treatment  can  be  identified  at  a glance.  More  recently  the  ordinary 
watery  solution  of  As.,(>,,  (14-day  dipping  strength)  has  been  introduced  to 
replace  the  oily  or  fatty  dressing. 

For  the  purpose  of  applying  the  oily  or  fatty  dressing  a paint-brush  with 
a fairly  long  handle  may  be  used,  but  any  so’ft  absorbent  material  tied  to  flu* 
end  of  a stick  also  serves  the  purpose. 

For  applying  the  aqueous  solution,  a piece  of  sheepskin  (merino  wool)  is 
commonly  employed,  but  any  spongy  absorbent  material  held  directly  in  the 
hand  serves  the  same  purpose. 


37 


DIPPING  AGAINST  EAST  COAST  FEVER. 


Remarks. — Twelve  out  of  the  thirteen  animals  contracted  and 
died  of  East  Coast  fever.  From  this  result  it  may  be  concluded  that 
the  dipping  and  hand-dressing  as  carried  out  had  very  little  effect 
in  checking  the  development  of  the  disease.  However,  the  fact  must 
be  borne  in  mind  that  at  the  commencement  there  was  an  interval 
of  seven  days  between  dippings  and  again  between  the  21st  and  28th 
days  and  33rd  and  40th  days.  Such  extensions  of  the  dipping  interval 
caused  by  unfavourable  weather  conditions  are,  however,  very  common 
in  practice. 

EXPERIMENT  No.  2.  (S.  3250.) 

Duration  of  the  experiment,  from  30.9.27  to  27.10.27. 

Treatment. — As  in  Experiment  No.  1,  the  dipping  interval  was 
five  days  and  a hand-dressing  mixture  of  tobacco  and  oil  (l  in  10) 
was  employed. 
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321 

Pretoria.  . . 

30.9.27 

2.10.27 

32  days. 

Died,  E.C.F. 

3811 

. 

CD 

31  „ . 

426 

,, 

CD 

32  „ . 

496 

25 

501 

35  „ . 

565 

,,  • • 

„ 

„ 

<D 

— 

Negative. 

613 

,, 

2 

£ 

— 

636 

O 

£ >> 
o cfi 

17  days. 

Died,  E.C.F. 

639 

. . 

„ 

„ 

31  „ . 

658 

,,  . . 

„ 

.g 

„ 

§ +3 
£ 22 

17  „ . 

675 

,,  . . 

,, 

Pi 

,, 

— 

Died,  rup- 

880 

*3 

p ^ 

s 

.3*  * 

tured  dia- 
phragm. 
Negative. 

1068 

1147 

1152 

o 

'd  o 
Pi 
O 

. , Sh 

» 

’ ^ 
g CM 

.2  "d 

19  days. 
19  „ . 

Recovered 
(E.C.F.). 
Died,  E.C.F. 

1630 

„ 

„ 

„ 

o >> 

19  „ . 

„ 

1 655 

° 1 

13  „ . 

] 701 

'B 

<D 

17  „ . 

2373 

„ . . 

,, 

<D 

,, 

— 

Died  (not 

<D 

2 I-H 

E.C.F.) 

2407 

>5  . . 

,, 

,, 

34  days. 

,, 

2492 

8 „ . 

Recovered 

2493 

cS 

O 

-o  ^ 

31  „ . 

(E.C.F.). 
Died,  E.C.F. 

2494 

,,  . . 

< 

b0 

— 

Negative. 

2528 

11  * * 

„ 

.S 

— 

Died  (ex- 

posure). 

4406 

„ . . 

,, 

,, 

1 9 days . 

Died,  E.C.F. 

4449 

” 

” 

19  „ . 

” 
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Remarks. — In  this  case  19  out  of  20  animals  developed  East 
Coast  fever  within  a month  and  two  of  these  recovered.  The  animals 
were  dipped  on  29. 9. 27  at  Pretoria,  and  again  on  the  2.10.27  at 
Kindergoed,  i.e.  at  an  interval  of  three  days.  During  the  course  of 
the  experiment  the  dipping  interval  had  to  he  extended  to  seven 
days  on  two  occasions. 

Here,  again,  it  must  he  concluded  that  the  treatment  had  no 
very  marked  preventive  effect. 

EXPERIMENT  No.  3.  (S.  3251.) 

Duration,  27  days,  i.e.  from  1.10.27  to  27.10.27. 

Treatment. — Five-day-interval  dipping  and  hand-dressing  with 
tobacco  and  oil  mixture  (1  in  10). 

Table  3. 


Treat- 

Period 

Received 

ment 

between 

at 

prior  to 

Dipping 

Dip- 

Arrival 

Cattle 

Kindergoed. 

Dis- 

Com- 

pings 

and  First 

Nos. 

patch 

menced 

Omit- 

Appear- 

Result. 

to 

on. 

ted. 

ance  of 

1 

Kinder- 

Koch’s 

From. 

On. 

goed. 

Bodies. 

404 

Pretoria. . . 

1 . 10.27 

2. 10.27 

Ji 

d 

31  days. 

Died,  E.C.F. 

705 



Recovered 

s'* 

(E.C.F.). 

718 

30  days. 

Died,  E.C.F. 

867 

„ 

d CO 

18  „*  . 

1001 

rP 

,, 

* -d 

— 

Negative. 

1073 

■g 

bfj  P 
P ce 

30  days. 

Died,  E.C.F. 

1148 

,, 

18  „ . 

1150 

^3 

•—  CO 

18  „ . 

1151 

— 

Negative. 

1945 

-2072 

" 

” 

>>  o 
£ & 

" 

P P 
.2  ^ 

18  days. 
30  „ . 

Died,  E.C.F. 

2092 

*3  ^ 

— 

Negative. 

2093 

o g 

. 

P cd 
o 

24  days. 

Died,  E.C.F. 

2120 

,, 

o 

u X 

— 

Negative. 

2138 

PhO 

5i  oo 

— 

2169 

2244 

” 

” 

^5 

» 

S>  -a 

^ d 

— 

” 

2297 

— 

2500 

d 

d 

— 

Died 

(poverty). 

1653 

„ 

^5 

„ 

^ P 

18  days. 

Died,  E.C.F. 

3909 

„ 

18  „ . 

,, 

4523 

„ 

„ 

„ 

•g  t 

16  „ . 

4548 

„ 

„ 

6 .£ 

18  ,.  . 

Remarks. — Fourteen  out  of  twenty-three  animals  developed  East 
Coast  fever  within  the  27  days,  and  of  these  only  one  recovered.  At 
the  commencement  there  was  no  prolonged  interval  between  dippings, 
the  one  at  Pretoria  on  the  30.9.27  being  followed  up  by  the  next  at 
Kindergoed  on  the  2.10.27.  Owing  to  unfavourable  weather  con- 
ditions, the  dipping  interval  had  to  be  extended  to  seven  days  on 
two  separate  occasions. 


DIPPING  AGAINST  EAST  COAST  FEVER. 


Judging  by  the  heavy  mortality,  the  treatment  did  not  appear 
to  have  had  any  effect  on  the  development  of  East  Coast  fever. 

EXPERIMENT  No.  4.  (S.  3252.) 

Duration,  22  days,  from  5.10.27  to  27.10.27. 

Treatment. — In  this  case  five-day-interval  dipping  and  hand- 
dressing with  sodium  arsenite  were  adopted  (the  strength  of  the 
arsenic  solution  in  the  hand-dressing  material  was  about  that  of 
fourteen-day  dipping  fluid,  i.e.  0.24  per  cent.  As203). 


Table  4. 


Treat- 

Period 

Received 

ment 

between 

at 

prior  to 

Dipping 

Dip- 

Arrival 

Cattle 

Kindergoed. 

Dis- 

Com- 

pings 

and  First 

Nos. 

patch 

menced 

Omit- 

Appear- 

Result. 

to 

on. 

ted. 

ance  of 

Kinder- 

Koch’s 

From. 

On. 

goed. 

Bodies. 

635 

Pretoria.  . . 

5.10.27 

7.10.27 

'£,2 

27  days. 

Died,  E.C.F. 

638 

879 

” 

” 

ci 

& 

" 

S 

27  „ . 
33  .,  . 

1801 

1863 

” 

” 

” 

c ^ 

27  „ . 

Negative. 

2095 

C 

S - 

30  days. 

Died,  E.C.F. 

2105 

„ 

„ 

>>  9 

„ 

— 

Negative. 

2168 

,, 

— 

2170 

2184 

” 

” 

z 

» 

| 1| 

— 

» 

2195 

— 

2202 

£ 

— 

2206 

„ 

*3  £ 

„ 

— 

„ 

2209 

„ 

„ 

„ 

— 

„ 

2218 

- "5 

— 

„ 

2220 

o 

1 

19  days. 

Died,  E.C.F. 

2221 

,,  . . 

,, 

= 

,, 

be  S 

— 

Negative. 

2263 

„ 

27  days. 

Died,  E.C.F. 

3318 

” 

° ° 

20  „ . 

” 

Remarks. — Eight  out  of  nineteen  animals  contracted  East  Coast 
fever  within  this  short  period  of  three  weeks. 

All  cattle  were  dipped  at  Pretoria  on  4.10.27  and  again  at 
Kindergoed  on  7.10.27.  During  the  course  of  the  experiment  it  was 
necessary  to  extend  the  dipping  interval  to  seven  days  on  two 
occasions. 

Here,  again,  the  preventive  effect  of  the  treatment  did  not  appear 
to  be  very  marked. 


EXPERIMENT  No.  5.  (S.  3253.) 

Duration  of  the  experiment,  nearly  a month,  i.e.  from  29.9.27 
to  27.10.27. 

Treatment . — Official  five-day  dipping  with  hand-dressing 

(tobacco  and  oil). 
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Table  5. 


Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Dis- 
patch 
to 

Dipping 

Com- 

menced 

on. 

Dip- 

pings 

Omit- 

ted. 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

From. 

On. 

Kinder - 
goed. 

Koch’s 

Bodies. 

113 

1064 

1132 

1862 

1865 

1882 

2171 

2178 

2190 

2191 

4448 

Ermelo 

29.9.27 

No  dipping  prior  to  | 

dispatch. 

2.10.27 

Owing  to  bad  weather  con- 
ditions, dipping  omitted  be- 
tween 13th  and  20th  days 
and  25th-32nd  days. 

18  days. 
27  „ . 

14  „ . 

11  „•  . 
16  „ . 
14  ,.  . 

16  „ . 
11  „ • 
16  „ . 
12-40  days 

16  days. 

Died,  E.C.F. 

Recovered 
(E.C.F.). 
Died,  E.C.F. 

Remarks. — Eleven  out  of  eleven  or  100  per  cent,  animals  con- 
tracted East  Coast  fever  within  a month  after  exposure. 

The  first  dipping  was  given  three  days  after  their  arrival  on 
the  farm.  In  this  case  the  treatment  certainly  had  no  preventive 
effect.  There  was  an  extension  of  the  dipping  interval  from  five  to 
seven  days  on  two  occasions. 

The  dipping  and  hand-dressing  apparently  had  no  preventive 
effect. 


EXPERIMENT  No.  6.  (S.  3255.) 

The  animals  in  this  experiment  were  obtained  from  a non-dipping 
area.  Duration,  from  13.10.27  to  31.10.27. 

Treatment . — Five-day  dipping  without  hand-dressing.  * 


Table  6. 


Treat- 

Period 

Received 

ment 

between 

at 

prior  to 

Dipping 

Dip- 

Arrival 

Cattle 

Kindergoed. 

Dis- 

Com- 

pings 

and  First 

Nos. 

patch 

menced 

Omit- 

Appear- 

Result. 

to 

on. 

ted. 

ance  of 

Kinder- 

Koch’s 

From. 

On. 

goed. 

Bodies. 

1781 

Vryburg. . . 

13. 10.27 

19.10.27 

con-  1 
itted  | 
18th 

— 

Negative. 

1970 

2 1 days . 

Died,  E.C.F. 

1997 

23  „ . 

„ 

1998 

2006 

„ 

” 

It 

” 

S w>S  . 

19  „ . 

19  „ . 

- 

2009 

j*! 

& 

19  „ . 

2018 

,,  ... 

,, 

.£  Qh 

,, 

s lS-3 

19  „ . 

„ 

2(  )3< » 

... 

,, 

19  „ . 

2082 

, , ... 

^3 

,, 

19  ,.  . 

2085 

.. 

o 

„ 

g>  s t 

22  „ . 

2089 

y, 

1-2^ 

Negative. 

2090 

.. 

r. 

5^  i 

25  days. 

Died,  E.C  F. 

11 
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Remarks. — During1  this  short  period  no  fewer  than  ten  out  of 
the  twelve  animals  developed  East  Coast  fever,  so  that  the  preventive 
effect  of  the  treatment  was  hardly  noticeable.  The  cattle  had,  how- 
ever, been  on  the  farm  for  six  days  before  dipping  was  started. 

During  the  course  of  the  experiment  the  dipping  interval  had 
to  he  extended  from  five  to  seven  days  on  one  occasion. 


EXPERIMENT  No.  T.  ( S.  3257.) 

Duration  of  the  experiment,  from  25.9.27  to  27.10.27. 

Treatment. — The  cattle  had  been  bred  on  the  farm  and  exposed  to 
infection  ever  since  the  disease  had  broken  out.  They  had  undergone 
regular  dipping  during  the  preceding  2-J-  months.  In  the  present 
experiment  five-day  dipping  with  hand-dressing  (tobacco  and  oil)  was 
continued. 


Table  7. 


Treat- 

Period 

Received 

ment 

between 

at 

prior  to 

Dipping 

Dip- 

Arrival 

Cattle 

Kinder 

^oed. 

Dis- 

Com- 

pill£S 

and  First 

Nos. 

patch 

me  need 

Omit- 

Appear- 

Result. 

to 

on. 

Kd. 

ence  of 

Kinder- 

1 "och’s 

From. 

On. 

goed. 

Bodies. 

bO 

2514 

Local  stock 

25.9.27 

27.9. 27 

^T~ § 

— 

Negative. 

2515 

2516 

” 

” 

<D 

O 

t-i 

” 

o £ 

O -£  r • 

40  days. 

Recovered. 

2517 

A 

— 

Negative. 

2518 

'-•£)  . 

jj  -d 

— 

2519 

,, 

t-.  ^ 

,, 

— 

,, 

2520 

'■3  o 

£ £ CO 

13  days. 

Died,  E.C.F. 

2521 

<L> 

_ o y 

15  „ . 

Recovered. 

2522 

,, 

,, 

P<<A 

^ cS 

29  „ . 

Died,  E.C.F. 

2523 

2524 

” 

” 

T3 

” 

24  „ . 

Negative. 

2525 

,, 

S 

,, 

b£)  w <N 

16  days. 

Died,  E.C.F. 

2526 

2527 

» 

bO 

<u 

” 

£ o 

20  „ . 
24  „ . 

99 

Remarks. — Eight  out  of  the  fourteen  cattle  contracted  East  Coast 
fever,  and  hence  the  percentage  infection  was  rather  smaller  than 
that  in  some  of  the  other  experiments  carried  out  concurrently. 
These  surviving  animals  did  not  contract  East  Coast  fever  in  subse- 
quent experiments,  and  hence  it  was  concluded  that  they  had 
developed  immunity  as  a result  of  a previous  attack  of  the  disease. 
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EXPERIMENT  No.  8.  (S.  3258.) 

Duration  of  the  experiment,  from  the  19.10.27  to  31.10.27,  i.e. 
only  twelve  days. 

Treatment. — The  animals  were  received  from  a non-dipping  area, 
but  were  submitted  to  weekly  dipping  for  several  weeks  prior  to 
dispatch. 

In  this  experiment  they  were  dipped  every  five  days  (no  hand- 
dressing). 


Table  8. 


Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Dis- 
patch 
to 

Dipping 

Com- 

menced 

on. 

Dip- 

pings 

Omit- 

ted. 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

From. 

On. 

Kinder- 

goed. 

Koch’s 

Bodies. 

120 

126 

160 

262 

266 

821 

901 

3082 

4844 

Bestersput. 

19.10.27 

Dipped  weekly  and 
on  day  of  dispatch. 

24.10.27 

Owing  to  bad  weather 
conditions,  dipping 
omitted  between  5th 
to  12th  days. 

23  days. 

Recovered. 

Negative. 

Died.  E.C.F. 
Negative. 

Remarks. — Two  out  of  the  nine  animals  developed  symptoms  of' 
East  Coast  fever  soon  after  discontinuation  of  the  experiment,  the 
infection  having  undoubtedly  been  contracted  during  I he  course  of 
the  experiment. 

The  experiment  did  not  last  long  enough  to  allow  of  definite 
conclusions  being  drawn  from  the  results. 


SUMMARY  AND  CONCLUSIONS. 

(First  Series  of  Experiments.) 

The  eight  experiments  under  consideration  lasted  for  varying 
periods,  from  12  days  only  to  a maximum  of  36  days.  A total  of 
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12T  animals  were  exposed  to  infection  and  submitted  to  treatment; 
of  these  84,  or  66  per  cent.,  contracted  East  Coast  fever.  The  follow- 
ing table  gives  a short  summary  of  the  position:  — 


Expt. 

No. 

Treatment.. 

Duration. 

No. 

of 

Animals. 

r’ases 

of 

E.C.F. 

Percentage 

of 

E.C.F. 

Dipping 

Interval. 

Hand-dressing. 

I 

5 days. . 

Tobacco  and  oil 

36  days. 

13 

12 

92 

2 

5 ,,  . . 

,,  ,,  

28  „ . 

26 

19 

73 

3 

5 ,, 

,,  ,,  

27  ,,  . 

23 

14 

61 

4 

5 ,, 

Sodium  arsenite 

22 

19 

8 

42 

5 

5 ,,  . . 

Tobacco  and  oil 

28  ,,  . 

11 

11 

100 

6 

5 ,, 

No  hand -dressing 

is  „ . 

12 

10 

83 

7 

5 ,, 

Tobacco  and  oil 

28  . 

14 

8 

57 

8 

5 ,,  . . 

No  hand-diessing 

12  „ . 

9 

2 

22 

From  this  it  will  be  seen  that  the  largest  number  of  cases  occurred 
in  Experiments  Nos.  5 and  1 and  the  smallest  number  in  No.  8. 
In  both  Experiments  Nos.  5 and  1 tobacco  and  oil  mixture  was  used 
as  hand-dressing  material,  but  the  same  treatment  was  also  applied 
in  tlie  case  of  Experiments  Nos.  2 and  7,  in  which  the  percentage 
infection  was  smaller.  Probably  no  special  significance  can  be 
attached  to  the  still  smaller  percentage  of  cases  in  Experiment  No.  4, 
in  which  arsenite  of  soda  solution  was  used  as  a dressing  material. 
The  small  number  of  cases  in  Experiment  No.  8 is  explained  by 
the  short  duration  of  the  experiment. 

Special  attention  should  be  directed  to  Experiment  No.  6,  in 
which  no  hand-dressing  was  resorted  to  and  where  the  percentage 
of  infection  in  the  short  period  of  18  days  was  83. 

The  average  duration  of  the  eight  experiments  was  only  25  days, 
and  the  percentage  infection  66.  The  latter  is  almost  as  high  as 
would  be  expected  on  an  infected  farm  where  no  dipping  is  carried 
out.  From  this  result  it  may  be  concluded  that  official  five-day 
dipping  with  hand- dressing  is  not  necessarily  effective  in  checking 
immediately  an  East  Coast  fever  outbreak  on  a badly  infected  farm. 

Only  one  further  point  need  be  referred  to  liere,  namely,  the 
relatively  low  percentage  of  infection  in  Experiment  No.  7.  The 
cattle  in  this  experiment  had  been  exposed  to  infection  for  several 
months,  during  which  they  had  undergone  regular  dipping.  At  first 
we  gained  the  impression  that  these  cattle  showed  more  resistance  to 
infection  than  the  cattle  in  other  experiments  and  that  the  prolonged 
treatment  might  be  responsible  for  this.  However,  it  was  found 
subsequently  that  the  surviving  cattle  had  apparently  developed  an 
immunity  against  East  Coast  fever  while  still  in  the  possession  of 
the  local  natives. 
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(C)  SECOND  SERIES  OF  EXPERIMENTS. 

Some  of  these  experiments  were  commenced  on  27. 10.27,  others 
on  subsequent  dates,  and  all  were  discontinued  on  1.3.28.  Their 
duration  was,  therefore,  approximately  four  months. 

Main  Object. 

The  main  object  of  this  series  of  experiments  was  to  study  the 
comparative  results  obtained  from  five-  and  three-day-interval 
dipping;  at  the  same  time  observations  were  made  on  the  effects  of 
different  hand-dressing  materials  and  on  the  value  of  clipping  the 
long  hairs  from  the  ears  and  the  brush  off  the  tail. 

For  the  dipping  plain  arsenite  of  soda  in  official  five-  and  three- 
day  strength  was  used.  For  hand-dressing  with  arsenite  solution, 
official  fourteen-day  strength  was  employed,  while  for  hand-dressing 
with  tobacco  and  oil,  a mixture  was  made  up  consisting  of  1 part 
tobacco  (2  per  cent,  nicotine)  in  10  parts  of  mineral  oil. 

EXPERIMENT  No.  9.  (S.  3282.) 

This  experiment  lasted  for  four  months,  from  31.10.27  to  1.3.28. 

Treatment. — Five-day  dipping  with  tobacco  and  oil  hand-dress- 
ing was  employed,  while  the  ears  and  tails  were  regularly  clipped. 


Table  9. 


Period 

Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

Dip- 

pings 

Omit- 

ted. 

between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

Koch’s 

From. 

On. 

Bodies. 

Vide 

Experi- 
ment : 

613 

Pretoria.  . . 

30.  9.27 

S.  3250 

31.10.27 

— 

Negative. 

821 

Bestersput. 

19.10.27 

S.  3258 

>< 

g Oi 

76  days. 

1 )io<|. 

1186 

Pretoria.  . . 

21.9.27 

S.  3249 

3 £ 



Negative. 

1781 

Vryburg. . . 

13. 10.27 

S.  3255 

— 

2218 

Pretoria  . . . 

5.10.27 

S.  3252 

O « 

87  days. 

Died, 

2244 

Pretoria.  , . 

1.10.27 

S.  3251 

IP 

E.C.F. 

Negative. 

2517 

2518 

25.9.27 

8.  3257 

CJ  1C 

g.  3257 

- 

£-3 

— 

Died  (not 

2519 

„ 

£ ja 

— 

Negative. 

2521 

1 mmune 

(Exp- 

% s 

S.  3257) 

2560 

25.10.27 

S.  3287 

10.11.27 

90  days. 

Died, 

+*  P* 

E.C.  V. 

2582 

,, 

„ 

77  „ 

„ 

2594 

21.11.27 

— 

25.11.27 

.3  ^ 

— 

Negative. 

2630 

Born  of 

13.1.28 

— 

16.1.28 

O a 

18  days. 

Died, 

C.  2517 

E.C.F. 
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DIPPING  AGAINST  EAST  COAST  FEVER. 


Remarks. — Five  out  of  fourteen  animals  contracted  and  died  from 
East  Coast  fever,  i.e.  nearly  36  per  cent.  The  treatment  seemed  to 
have  some  preventive  action,  but  was  certainly  not  effective  in  ward- 
ing off  the  East  Coast  fever  infection  in  all  cases. 

EXPERIMENT  No.  10.  (S.  3283.) 

This  experiment  also  lasted  for  four  months,  i.e.  from  31.10.27 
to  1.3.28. 

Treatment. — In  this  case  five-day-interval  dipping  with  hand- 
dressing with  sodium  arsenite  was  employed  ; the  ears  and  tails  were 
clipped  regularly. 


Table  10. 


Period 

Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

Dip- 

pings 

Omit- 

ted. 

between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

Koch’s 

From. 

On. 

Bodies. 

Vide 

Experi- 
ment : 

880 

Pretoria.  . . 

30.9.27 

S.  3250 

31.10.27 

128  days 

Died, 

E.O  F. 

2092 

1.10.27 

S.  3251 

105  ,. 

2120 

107  „ 

2184 

5.10.27 

S.  3252 

116-121 

Recovered. 

eg 

davs 

2297 

1.10.27 

S.  3251 

2 % 

101  days 

Died, 

2 3 

E.C.F. 

2492 

30.9.27 

S.  3250 

£ ^ 

Immune 

Died,  red 

(Exp. 

water  (?). 

3 1-* 

S.  32501 

2494 

t- 

o>  a 

— 

Negative. 

2499 

8. 10.27 

S.  3254 

eg 

102  days 

Died. 

ci 

01  +> 

E.G.F. 

2500 

1 .10.27 

S.  3251 

" 3 

— 

Died, 

poverty. 

2565 

Local  stock 

25. 10.27 

S.  3288 

10.11.27 

— 

Negative. 

1811 

Bestersput 

1.12.27 

Dipped 

5.12.27 

O <E 

— 

Died,  ana- 

on  dav 

to  P 

plasmosis. 

of  dis- 

.5  *3 

patch 

6 

2248 

27  days . 

Died, 

E.C.F. 

Remarks. — Seven  out  of  twelve  animals,  i.e.  nearly  58  per  cent., 
contracted  East  Coast  fever,  and  of  these  one  recovered  from  the 
disease.  It  would,  therefore,  seem  as  if  hand-dressing  with  arsenic 
was  less  effective  than  with  tobacco  and  oil  mixture. 

In  any  case,  this  method  of  treatment  was  not  very  effective  in 
warding  off  East  Coast  fever  infection. 
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EXPERIMENT  No.  11.  (S.  3284.) 

The  duration  of  this  experiment  was  four  months,  i.e.  from 
31.10.27  to  1.3.28. 

Treatment. — I n this  case  five-day  dipping  without  hand-dressing 
was  employed,  but  the  ears  and  tails  were  clipped  regularly. 

Table  11. 


Period 

Received 

at 

Treat- 

ment 

Treat- 

ment 

Com- 

menced 

Dip- 

between 

Arrival 

Cattle 

Nos. 

Kindergoed. 

prior  to 
this 
Experi- 

pings 

Omit- 

ted. 

and  First 
Appear- 
ance of 

Result. 

ment. 

Koch’s 

From. 

On. 

Bodies. 

Vide 

Experi- 
ment : 

2169 

Pretoria. . . 

1/10/27 

S.  3251 

31/10/27 

© » 

— 

Negative. 

2524 

Local  stock 

25/9/27 

S.  .3259 

— 

2575 

25/10/27 

S.  3289 

10/11/27 

Is  -> 

83  days. 

Died, 

s g 

E.C.F. 

2068 

Bestersput. 

16/11/27 

Subject- 

20/1 1/27 

% ^ 

22 

,, 

2233 

ed  to  5- 

62  „ 

,, 

2235 

2238 

» 

” 

_day  dip- 
ping be- 

► 

^ *o 

43  „ 

28  „ 

” 

fore  dis- 

© ^ 

patch 

2595 

Local  stock 

21/11/27 

— 

25/11/27 

41 

„ 

2596 

— 

,, 

28  „ 

„ 

1949 

Bestersput. 

1/12/27 

Dipped 

5/12/27 

16  „ 

„ 

day  of 

dispatch 

£ 

2254 

” 

” 

” 

o 'S 

31  „ 

” 

Remarks. — Nine  out  of  eleven,  or  nearly  82  per  cent.,  animals 
contracted  and  died  from  East  Coast  fever. 

It  is  clear,  therefore,  that  five-day  dipping  alone  (without  hand- 
dressing of  the  ears  and  tails)  has  very  little  effect  in  protecting 
animals  from  East  Coast  fever  when  exposed  on  a badly  infected 
farm. 
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DIPPING  AGAINST  EAST  COAST  FEVER. 


EXPERIMENT  No.  12.  (S.  3285.) 

This  experiment  also  lasted  four  months,  i.e.  from  31.10.27  to 
1.3.28. 

Treatment. — Five-day  dipping  and  hand-dressing  with  tobacco 
and  oil  mixture;  the  ears  and  tails  were  not  clipped. 


Table  12. 


Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

Dip- 

pings 

Omit- 

ted. 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

From. 

On. 

Koch’s 

Bodies. 

705 

Pretoria. . . 

1/10/27 

Vide 
Experi- 
ment : 
S.  3251 

31/10/27 

Immune 

Negative. 

1001 

S.  3251 

(Exp. 

S.  3251) 

1068 

30/9/27 

S.  3250 

2x 

Immune 

j. 

2138 

1/10/27 

S.  3251 

(Exp. 

S.  3250) 
105  days 

Died, 

2168 

5/10/27 

S.  3252 

c 3 

116  „ 

E.C.F. 

2221 

„ ... 

,, 

,, 

t-i 

— 

Negative. 

2515 

Local  stock 

25/9/27 

S.  3257 

^ — 

— 

, 

2569 

25/10/27 

— 

Ct  ri 

| Se 

99  days 

Died, 

2586 

Born  of  C. 

12/10/27 

» 

E.C.F. 
Died  (not 

2571 

1147  (Ex. 
>S.  3250) 
Local  stock 

25/10/27 

S.  3291 

10/11/27 

,-Q  d 
o ® 

E.C.F.) 

Negative. 

2597 

21/11/27 

— 

25/11/27 

47  days 

Died, 

1864 

Bestersput 

1/12/27 

Dipped 

5/12/27 

26  „ 

E.C.F. 

2458 

day  of 
dispatch 

>* 

37  „ 

» 

Remarks. — A mortality  of  six  out  of  thirteen  animals,  or  46  per 
cent.,  occurred,  showing  that  the  treatment  apparently  had  some 
preventive  effect.  It  would  seem  that  leaving  the  long  hairs  on  the 
ears  and  tails  undisturbed  did  not  affect  the  result  to  any  extent. 
It  should  he  stated  that  two  out  of  the  thirteen  animals  were  immune, 
having  recovered  from  East  Coast  fever  in  a previous  experiment. 
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EXPERIMENT  No.  13.  (S.  328G.) 

This  experiment  was  commenced  on  10.11.27  and  concluded  on 
1.3.28,  thus  lasting  over  three  and  a half  months. 

Treatment. — Five-day-interval  dipping  combined  with  hand- 
dressing-  with  arsenic  solution.  In  this  case  the  ears  and  tails  were 
not  dipped. 


Table  13. 


Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

Dip- 

pings 

Omit- 

ted. 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

From. 

On. 

Koch’s 

Bodies. 

V ide 

Experi- 

ment  : 

■g  ® 

613 

Pretoria.  . . 

30/9/27 

S.  3282 

10/11/27 

62  days. 

Died, 

le 

E.C.F. 

1001 

,,  ... 

1/10/27 

S.  3285 

s ce 

— 

Negative. 

3558 

Local  stock 

25/10/27 

S.  3287 

„ 

72  days. 

Died. 

E.C.F. 

2559 

S.  3289 

a;  r-H 

50  „ 

2570 

S.  3287 

-4— ' ^ 

83  „ 

2587 

Born  of  C. 

15/11/27 

a>  d 

67  „ 

1001 

2118 

Bestersput 

16/11/27 

f 5-day 

5 16/11/27 

3 2 

54  „ 

2124 

„ 

] dipping 

l ” 

o S 

48  „ 

,, 

2255 

,, 

„ 

1 prior  to 

r 

Recovered 

Died. 

l dispatch 

J 

a © 

(E.C.F.)  ? 

(R.W.  ?). 

2242 

,, 

30/11/27 

30/11/27 

47 

Died. 

E.C.F. 

Remarks. — A heavy  mortality  took  place,  eight  out  of  ten 
animals,  or  a percentage  of  80,  dying  from  East  Coast  fever.  When 
comparing  these  results  with  those  obtained  in  Experiment  No.  12, 
it  would  seem  as  if  hand-dressing  with  arsenic  was  less  effective  than 
with  tobacco  and  oil  mixture. 

In  any  case,  it  may  be  concluded  that  this  method  of  treatment 
is  not  effective  against  East  Coast  fever. 
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DIPPING  AGAINST  EAST  COAST  FEVER. 


EXPERIMENT  No.  14.  (S.  3287.) 

This  experiment  was  commenced  on  27.10.27  and  concluded  on 
1.3.28,  thus  lasting'  over  four  months. 

Treat  meat. — Three-day  dipping  and  hand-dressing  with  tobacco 
and  oil;  at  the  same  time  clipping  of  ears  and  tails  was  carried  out. 
Compare  Experiment  No.  9. 


Table  14. 


1 

Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

Dip- 

pings 

Omit- 

ted. 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

From. 

On. 

Koch’s 

Bodies. 

2105 

Pretoria.  . . 

5/10/27 

Vide 
Experi- 
ment : 

S.  3252 

27/10/27 

Negative. 

2191 

Ermelo. . . . 

29/9/27 

S.  3252 

o 

Immune 

Died,  ana- 

2195 

Pretoria.  . . 

5/10/27 

S.  3252 

<L> 

A 

(Exp. 

S.  3253) 
118  davs 

plasmosis. 

Died, 

2514 

Local  stock 

25/9/27 

S.  3257 

O 



E.G.F. 

Negative. 

2558 

„ 

25/10/27 

„ 

m 

— 

„ 

2560 

— 

„ 

2570 

•g  g 



„ 

2573 

* ^ 

98  days 

Died, 

2577 

2582 

» 

" 

” 

o> 

a '"H 

* 5 

97  „ 

E.C.F. 

Recovered 

(E.C.F.). 

Negative. 

1486 

Pretoria. . . 

21/9/27 

S.  3282 

10/11/27 

— 

„ 

2244 

1/10/27 

105  davs 

Died, 

2301 

Bestersput 

30/11/27 

5-day 

30/11/27 

© 3 

bp 

56  „ 

E.C.F. 

Recovered. 

dipping 
prior  to 
dispatch. 

% 

o 

i 

Remarks. — The  results  are  very  similar  to  those  obtained  in 
Experiment  No.  9,  the  percentage  infection  being  36  in  the  latter 
compared  with  38  in  the  former. 

It  would,  therefore,  seem  that  there  is  very  little  difference  in 
the  action  of  three-  and  five-day-interval  dipping. 
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EXPERIMENT  No.  15.  (S.  3288.) 

This  experiment  lasted  over  four  months,  from  27.10.27  to 
1.3.28. 

Treatment. — Three-day  dipping  and  hand-dressing  with  arsenite 
of  soda  and  (dipping  of  ears  and  tails.  Compare  Experiment  No.  10. 


Table  15. 


Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

on. 

Dip- 

pings 

Omit- 

ted. 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 
Koch’s 
Bodies. 

Result. 

From. 

On. 

Vide 

Experi- 

ment  : 

266 

Bestersput 

19/10/27 

8.  3258 

27/10/27 

— 

Died, 

enteritis. 

2516 

Local  stock 

25/9/27 

8.  3257 

40  days. 

Died. 

E.C.F. 

2565 

25/10/27 

— 

Negative. 

4844 

Bestersput 

19/10/27 

8.  3258 

c3 

74  days. 

Died, 

S 2 

E.C.F. 

r*  & 

2592 

Local  stock 

25/10/27 

„ 

— 

Killed. 

Qj  4- 

r*  lO 

poverty 

2494 

Pretoria. . . 

:!0/9/27 

8.  3283 

9/11/27 

93  days. 

Recovered. 

f 5 -day 

I 

QJ 

£ « 

dipping 

1 

— ( CC 

2259 

Bestersput 

16/11/27 

< prior 

5-18/11/27 

£ S 

— 

Died 

2298 

to 

” 

S 21 

76  davs. 

Died. 

I dispatch. 

J 

bO 

E.C.F. 

2598 

Local  stock 

21/11/27 

21/11/27 

.3  o 

57  „ 

,, 

2599 

” 

” 

° 

49  „ 

Remarks. — Six  out  of  ten  animals,  or  (50  per  cent.,  contracted 
East  Coast  fever,  and  of  fliese  one  recovered  from  the  disease.  The 
results  are,  therefore,  practically  the  same  as  (hose  obtained  in 
Experiment  No.  10,  thus  again  showing  that  there  is  very  lift le 
difference  in  the  effects  of  three-day-  as  compared  with  five-day- 
interval  dipping. 
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mrriNG  against  east  coast  fever. 


EXPERIMENT  No.  16.  (8.  3289.) 

The  duration  of  this  experiment  was  also  over  four  months, 
from  27.10.27  to  1.3.28. 

Treatment. — Three-day  dipping1  alone  (without  hand-dressing). 
The  ears  and  tails  were  regularly  (lipped.  Compare  Experiment 
No.  11. 


Table  16. 


Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

on. 

Dip- 

pings 

Omit- 

ted. 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 
Koch’s 
Bodies. 

Result. 

From. 

On. 

Vide 

Experi- 

ment 

- A 

2202 

Pretoria.  . . 

5/10/27 

S.  3252 

27/10/27 

§ ci 

1 16  days 

Recovered. 

2206 

,,  ... 

,, 

,, 

40  „ 

2209 

jjj  £ 

132 

Died, 

1 § 

E.C.F. 

2554 

Local  stcck 

25/10/27 

§ 3 

96  „ 

2559 

£ 1 

— 

Negative. 

2575 

,, 

„ 

„ 

3 £ 

— 

2576 

,, 

16  days 

Died, 

E.C.F. 

2579 

85  „ 

2169 

Pretoria.  . . 

1/10/27 

S.  3284 

9/11/27 

— 

Negative. 

Dipped 

' 

1207 

Bestersput 

30/11/27 

weekly 

30/11/27 

~ s 

51  days 

Died, 

and 

E.C.F. 

2219 

morning 

1 a 

54  „ 

,, 

2465 

of 

27  „ 

Recovered. 

dispatch. 

J 

o 

Remarks. — Nine  out  of  twelve  animals,  or  75  per  cent., 
contracted  East  Coast  fever,  and  of  these  three  recovered  from  the 
disease.  The  results  were,  therefore,  very  much  the  same  as  those 
obtained  from  five-day  dipping,  and  show  that  short-interval  dipping, 
without  hand-dressing,  is  not  effective  against  East  Coast  fever. 


P.  J.  DU  TOIT  AND  P.  R.  VILJOEN. 


EXPERIMENT  No.  17.  (S.  3290.) 

This  experiment  lasted  over  four  months,  from  27.10.27  to 
1.3.28. 

Treatment. — Three-dav  dipping-  alone  (without  any  other  treat- 
ment). 


Taisi.e  17. 


Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

Dip- 

pings 

Omit- 

ted. 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

From. 

On. 

Koch’s 

Bodies. 

Vide 
Experi- 
ment : 

1 

126 

Bestersput 

19/10/27 

S.  3258 

27/10/27 

£,  . 

59  days. 

Died, 

E.C.F. 

160 

-> 

” 

» 

" 

— 

Died, 

poverty. 

262 

” 

>’ 

” 

” 

11 

11 

106  days 

Died, 

E.C.F. 

565 

Pretoria. . . 

30/9/27 

S.  3250 

— 

Negative. 

2553 

Local  stock 

25/10/27 

— 

” 

£ -g 

37  days. 

Died, 

E.C.F. 

2557 

— 

— 

Negative. 

2562 

” 

” 

— 

” 

62  days. 

Died, 

E.C.F. 

2600 

21/11/27 

— 

21/11/27 

26  .. 

,, 

2232 

Bestersput 

31/11/27 

5-dav  dip 
and  on 
morning 
cf  dis- 
patch. 

30/11/27 

Me 

33  „ 

Remarks. — Six  out  of  nine,  or  nearly  07  per  cent.,  of  animals 
died  from  East  Coast  fever.  One  other  animal  died  from  other 
causes,  so  that  the  percentage  mortality  might  have  been  even 
higher.  The  number  of  animals  in  the  experiment  was  rather 
small,  but  in  this  case  the  indications  were  that  three-day  dipping 
without  hand-dressing  was  not  less  effective  than  dipping  plus  hand- 
dressing. 


DIPPING  AGAINST  EAST  COAST  FEVER. 


EXPERIMENT  No.  18.  (S.  3291.) 

This  experiment  was  started  on  27.10.27  and  lasted  until  1.3.28, 
i.e.  over  four  months. 

Treatment. — Three-dav  dipping  combined  with  hand-dressing 
with  tobacco  and  oil,  hut  no  clipping  of  ears  and  tails.  Compare 
Experiment  No.  12. 


Table  18. 


Period 

Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  to 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

Dip- 

pings 

Omit- 

ted. 

between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

Koch's 

From. 

On. 

Bodies. 

Vide 

Experi- 
ment : 

1 151 

Pretoria. . . 

1 /10/27 

S.  3251 

27/10/27 

§ 

1 1 2 days 

Died. 

E.C.F. 

1863 

5/10/27 

S.  3252 

ci  £ 

1 16 

Recovered. 

2089 

Vrvburg. . . 

13/10/27 

S.  3255 

114 

„ 

2571 

Local  stock 

25/10/27 

— 

— 

Negative. 

2581 

” 

— 

» 

eg  — 

99  days 

Died, 

E.C.F. 

2221 

Pretoria. . . 

5/10/27 

S.  3285 

9/11/27 

113  „ 

,, 

2117 

Bestersput 

16/11/27 

r Dipped 

18  11  / 27 

- 

65 

,, 

2258 

1210 

30/11/27 

weekly 
and  on 
morning 

.. 

30/11/27 

ring  to 
not  dp 
lap uar 

9 days 

Died  (?). 
Died. 

E.C.F. 

2174 

” 

” 

of  dis- 
patch. 

c 

34  „ 

Recovered . 

Remark-s. — Eight  out  of  ten  animals,  or  80  per  cent.,  contracted 
East  Coast  fever,  and  of  these  three  recovered.  The  percentage 
infection  was,  therefore,  very  high,  and  it  must  he  concluded  that 
this  method  of  treatment  was  not  effective  in  warding  oft'  East  Coast 
fever.  The  results  were  more  unsatisfactory  than  those  obtained  in 
Experiment  No.  12,  hut  the  conclusion  would  not  he  justified  that  the 
difference  was  due  to  the  superior  qualities  of'  the  five-day  dipping. 


EXPERIMENT  No.  19.  (S.  3292.) 

The  duration  of  this  experiment  was  also  over  four  months, 
from  27.10.27  to  1.3.28. 

Treatment. — Three-day  interval  dipping  combined  with  hand- 
dressing with  arsenic  solution,  hut  no  (lipping  of  ears  and  tails. 
Compare  Experiment  No.  13. 
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Table  1!). 


( 'attle 
Nos. 

Received 

at 

Kindergoed. 

Treat- 
ment 
prior  so 
this 
Experi- 
ment. 

Treat- 

ment 

Com- 

menced 

on. 

Dip- 

pings 

Omit- 

ted. 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 
Koch’s 
Bodies. 

Result. 

From. 

On. 

Vide 

Experi- 

ment : 

1 20 

Bestersput 

19/10/27 

S.  3258 

27/10/27 

s 

— 

Died, 

poverty. 

675 

Pretoria . . . 

30/9/27 

S.  3250 

g 

— 

Died,  rup- 

_ 

tured  dia- 

phragm. 

901 

Bestersput 

19/10/27 

S.  3258 

— 

Died, 

£ 

poverty. 

2170 

Pretoria. . . 

5/10/27 

S.  3252 

33  days. 

Recovered. 

2555 

Local  stock 

25/10/27 

— 

a, 

— 

Killed. 

2556 





Died. 

snakebite. 

2564 

— 

o 2 

50  days. 

Died, 

A > -■ 

E.C.F. 

2568 

— 

,, 

77  „ 

,, 

2572 

. 

.. 

— 

.. 

.2  3 

— 

Died,  gas- 

c t eg 

tro-enteritis 

2223 

Bestersput 

16/11/27 

Dipped 

18/11/27 

iS 

76  days. 

Died, 

weekly 

E.C.F. 

and  day 

c6 

O 

dispatched 

£ 

2601 

Local  stock 

21/11/27 

. 

21/11/27 

"3 

26  „ 

2602 

— 

56  „ 

f Dipped 

£ 

2196 

Bestersput 

30/11/27 

weekly 

| 30  11  27 

tl' 

60 

,, 

/ and  day 

y 

•5 

2213 

1 of  dis- 

| 30  11,27 

5 

32  „ 

,, 

patch. 

J 

Remarks. — Eight  out  of  fourteen  animals,  i.e.  57  per  cent., 
contracted  East  ('oast  fever,  and  of  these  one  recovered.  In  addition 
to  these,  five  died  from  other  causes  in  I he  course  of  the  experiment. 
If  these  deaths  had  not  occurred,  it  is  reasonable  to  assume  that  (lie 
mortality  from  East  Coast  fever  would  have  been  still  higher. 

It  must  be  concluded  that  this  method  of  treatment  is  not 
effective  in  preventing-  East  Coast  fever  infection. 


Summary  and  Conclusions. 

(Sera nil  Senes  of  Experiments.) 

All  11  experiments  under  consideration  lasted  for  about  four 
months,  so  that  the  results  can  be  accepted  as  fairly  definite  and  as 
giving-  a true  indication  of  what  may  be  expected  from  the  different 
forms  of  treatment  that  were  applied. 

The  total  number  of  animals  in  the  II  experiments  was  128, 
and  of  these  78,  or  about  til  per  cent.,  contracted  East  Coast  fever. 


DIPPING  AGAINST  EAST  COAST  FEVER. 


There  were  60  animals  in  the  five-day,  and  08  in  the  three-day 
dipping  experiments,  and  the  percentage  of  cases  of  East  Coast  fever 
in  these  was  60  and  02  respectively.  Considering  the  results  as  a 
whole,  the  conclusion  seems  justified  that  in  practice  there  is  very 
little  or  no  difference  between  five-  and  three-day-interval  dipping. 

Regarding  the  additional  methods  of  treatment,  the  detailed 
information  supplied  in  t lie  following  summary  is  instructive:  — 


Expt. 

No. 

Treatment. 

No.  of 
Animals. 

Cases  of 
E.C.F. 

Percentage 
of  E.C.F. 

Dipping 

Interval. 

Hand-dressing  and  Clipping. 

/ 9 

5 days. . 

Tobacco  and  oil  -f  clipping 

14 

5 

3®  \ 

V4 

3 „ .. 

„ 

13 

5 

38/ 

f10 

5 days. . 

Arseni te  of  sod;i  + clipping 

12 

7 

58/ 

115 

3 

„ » 

10 

6 

60  / 

/H 

5 ,,  . . 

Clipping  onlv 

11 

9 

82/ 

\J6 

3 „ . . 

- 

12 

9 

75/ 

J12 

5 ,,  . . 

Tobacco  and  oil 

13 

6 

46/ 

118 

3 „ .. 

v 

10 

8 

80/ 

M3 

5 ,,  . . 

Arsenite  of  soda 

10 

9 

80  \ 

\19 

3 

» 

14 

8 

57/ 

17 

3 days . . 

Dipping  only 

9 

6 

67 

It  will  be  seen  that,  apart  from  Experiment  No.  IT,  all  the 
others  can  be  grouped  in  pairs,  and  in  this  way  a comparison  can  be 
drawn  between  five-day  and  three-dav-interval  dipping  in  respect  of 
each  method. 

The  following  conclusions  seem  justified  in  regard  to  the 
different  additional  methods  of  treatment  that  were  applied:  — 

(1)  Five-  or  three-day  dipping,  combined  with  hand-dressing 

with  tobacco  and  oil  and  (dipping  of  ears  and  tails,  appears 
to  have  given  the  best  results  (Experiments  Nos.  9 and 

14). 

(2)  Five-  or  three-day  dipping,  combined  with  band-dressing 

with  arsenic  solution  and  clipping  of  ears  and  tails,  is 
less  satisfactory  (Experiments  No.  10  and  15). 

(3)  Five-  or  tliree-day  dipping  with  (dipping,  but  without 
hand-dressing,  is  unsatisfactorv  (Experiments  Nos.  11  and 
16). 

(4)  Five-  or  three-dav  dipping  with  hand-dressing  with 

tobacco  and  oil,  but  without  clipping , is  also  unsatisfac- 
tory (Experiments  Nos.  12  and  18).  Experiment  No.  12 
appears  to  be  more  satisfactory,  but  on  analysing  the 
details  of  . the  experiment,  it  has  been  found  that  two  of 
the  animals  in  the  experiment  were  immune  and  one  had 
died  from  other  causes,  leaving  only  10  susceptible  cattle 
in  the  experiment. 
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<f>)  Five-  or  three-da\  di  pping,  with  hand-dressing  wit  h 
arsenic,  is  also  unsatisfactory  (Experiments  Nos.  l->  and 
Id).  II  (mv,  again,  the  results  of  Experiment  No.  Id 
appear  to  lie  hetter  than  those  of  Experiment  No.  Id, 
hut  on  analysing  the  figures,  it  is  seen  that  five  animals 
in  Experiment  No.  Id  died  from  other  causes,  thus  leaving 
onI\  nine  suscejitihle  cattle.  It  may  safely  he  assumed 
that,  it  these  five  cattle  had  remained  alive,  the 
percentage  of  blast  ('oast  fever  infection  would  have  been 
h igher. 

(ti)  In  lixperiment  NO.  17  one  animal  died  from  other  causes, 
so  that  the  percentage  mortalitx  in  i h t have  been  higher 
had  this  animal  also  contracted  blast  ('oast  fever.  It  is 
worthy  of  note  that  the  percentage  infection  was  not 
higher  in  this  experiment  than  in  Experiments  Nos.  IK 
and  Id,  in  which  hand-dressi ng,  in  addition  to  three-day 
dipping-,  was  carried  out. 

(7)  During'  the  period  of  these  experiments,  lti  control 
(untreated)  animals  were  exposed  to  infection  on  the  farm, 
and  of  these  lb,  or  about  94  per  cent.,  contracted  blast 
(oast  fever. 

From  this  it  must  be  concluded  that  some  of  the  methods  of 
treatment  adopted  in  the  experiments  had  a preventive  effect  against 
blast  Coast  fever.  This  can  be  said  particularly  of  Experiments  Nos. 
d and  14,  where  hand-dressing  with  tobacco  and  oil,  combined  with 
clipping  of  the  ears  and  tails,  was  carried  out;  and  to  a lesser  extent 
of  experiments  Nos.  It)  and  lb,  where  arsenite  solution  was  used  for 
hand-dressing. 

However,  this  prexviitive  action  is  not  very  great,  especially 
when  it  is  remembered  that  at  most  only  (14  per  cent,  of  the  animals 
(Experiment  No.  d)  were  protected,  and  this  under  the  ideal  con- 
ditions obtaining  in  the  experiments.  T nder  these  conditions  every 
animal  was  carefully  handled  and  the  treatment  applied  in  the 
most  thorough  manner,  whereas  in  practice  it  is  often  most  difficult, 
on  account  of  the  large  number  of  animals  and  the  lack  of  assistance, 
to  ensure  that  the  treatment  of  every  animal  is  carried  out  properly. 

(]))  THIRD  SERIES  OF  EXPERIMENTS. 

After  the  three-day  dipping  in  official  strength  of  arsenite  of 
soda  solution  had  been  shown,  in  the  previous  series  of  experiments, 
to  have  failed  in  providing  absolute  protection  against  blast  ('oast 
fever  infection,  it  was  considered  advisable  to  carry  out  further  tests 
int/i  the  object  of  detenu  i in  n g irhetJiei  a more  effective  dipping 
finiiJ  could  be  substituted  for  the  one  em/doi/eil  in  the  precious 
e.vpen  men  Is. 

A test  was  accordingly  arranged  in  which  the  effect  of  Hit* 
ordinary  three-day  arsenite  of  soda  dip  (0.08  per  cent.  AsJf,)  could 
be  compared  with  the  effect  of  the  dip  originally  recommended  by 
Pitehford. 

I bio  h ford’s  formula  reads  as  follows:  To  make  400  gallons  of 
dip.  use  4 lb.  arsenite  of  soda,  •!  lb.  soft  soap,  and  I gallon  paralfin. 


DIPPING  AGAINST  EAST  COAST  FEVER. 


EXPERIMENT  No.  20.  (S.  3450.) 

This  experiment  was  started  on  1.3.28  and  lasted  until  21.5.28, 
i.e.  for  a period  of  2f  months. 

Treatment. — Pitchford’s  three-day  dipping  formula  (with 
paraffin  and  soap)  was  used,  and,  in  addition,  the  animals  were  hand- 
dressed  regularly  on  every  dipping  day  with  tobacco  and  oil  mixture. 


Table  20. 


C'attle 

Nos. 

Received 

at 

Kindergoed. 

I 

Treatment  prior 
to  Experiment. 

Treat- 

ment 

Com- 

menced 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

From. 

On. 

on. 

Koch’s 

Bodies. 

705 

Pretoria.  . . 

1/10/27 

Vide  Experiment  : 
S.  3285 

1/3/28 

Killed. 

1001 

— 

1068 

30/9/27 

— 

1781 

Vryburg. . . 

13/10/27 

S.  3282 

— 

Negative. 

2515 

Local  stock 

25/9/27 

S.  3285 

— 

2517 

S.  3282 

— 

251!) 

y , 

— 

,, 

2524 

•• 

S.  3284 

,, 

— 

2565 

25  10/27 

S.  3283 

— 

2571 

S.  3285 

— 

2594 

21/11/27 

S.  3282 



,, 

102 

Klipdrift.. . 

28/2/28 

Dipped  weekly 

28  days. 

Died, 

605 

67  ,, 

E.C.F. 

617 

• 

83  .. 

2300 

„ 

63  „ 

2429 

•• 

83  „ 

2434 

— 

Negative. 

3961 

31  days. 

Died, 

143 

Bestersput. 

2/3/28 

2/3/28 

73  „ 

E.C.F. 

220 

,, 

,, 

66 

,, 

281 

— 

Negative. 

564 

„ 

— 

,, 

989 

— 

,, 

990 

66  days. 

Died. 

1112 

E.C.F. 

Negative. 

3817 

32  days. 

Died, 

4641 

77  „ 

E.C.F. 

1236 

\ yburg. . . 

7/4 ;28 

— 

7/4/28 

— 

Negative. 

1580 

— 

34  days. 

Died, 

1392 

E.C.F. 

Negative. 

1419 

— 

— 

1619 

” 

” 

” 

Remarks. — Of  the  32  animals  in  this  experiment,  12  died  of 
East  Coast  fever,  giving  a percentage  mortality  of  approximately  37. 
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During  tlie  first  part  of  the  experiment  very  few  cases  of  East 
Coast  fever  occurred,  since  the  animals  were  being  grazed  on  a 
portion  of  the  farm  where  apparently  infected  ticks  were  not  abun- 
dant. Towards  the  end  of  the  experiments  cases  of  hast  Coast  fever 
became  more  frequent. 

EXPERIMENT  No.  21  (S.  3251.) 

This  experiment  was  carried  out  during  the  same  period  as  the 
one  just  described. 

Treatment. — In  this  case  plain  arsenite  of  soda  (without  the 
addition  of  soap  and  paraffin)  was  used  for  the  3-day-interval  dipping, 
but  hand-dressing  with  oil  and  tobacco  mixture  was  carried  out 
exactly  as  in  Experiment  No.  20. 

Table  21. 


Cattle 

Nos. 

Received 

at 

Kindergoed. 

Treatment  prior 
to  Experiment. 

Treat- 

ment 

Com- 

menced 

Period 
between 
Arrival 
and  First 
Appear- 
ance of 

Result. 

From. 

On. 

on. 

Koch’s 

Bodies. 

565 

Pretoria. . . 

30/9/27 

Vide  Experiment  : 
8.  3290 

1/3/28 

Killed. 

I486 

21/9/27 

S.  3287 

— 

Negative. 

2105 

5/10/27 

S.  3287 

— 

2169 

1 /1 0/27 

S.  3289 

— 

2174 

Bestersput 

30/11/27 

8.  3291 

— 

Killed. 

2301 

,, 

8.  3287 

„ 

— 

2465 

8.  3289 

— 

Died, 

2514 

Local  stock. 

25/9/27 

S.  3287 

poverty. 

Negative. 

2557 

25/10/27 

8.  3290 

„ 

— 

651 

Klipdrift.. . . 

28/2/28 

Dipped  Weekly 

„ 

— 

„ 

719 

» 

» 

” 

58  days. 

Died, 

2430 

76 

2435 

,, 

— 

Negative. 

4580 

83  days. 

Died, 

4717 

E.C.F. 

Killed, 

4743 

poverty. 

Negative. 

1 184 

Bestersput 

2/3/28 

2/3/28 

26  days. 

Died, 

1 1 92 

25  „ 

E.C.F. 

1932 

,, 

— 

Killed. 

2591 

» 

» 

-- 

80  days. 

Died, 

E.C.F. 

4004 

„ 

80 

4591 

„ 

66 

„ 

4714 

,, 

,, 

„ 

80 

„ 

4890 

„ 

,, 

70 

977 

Vryburg. . . 

7/4/28 

— 

7/4/28 

30  „ 

Recovered. 

141 1 

— 

— 

Negal  ivo. 

1483 

» 

— 

« 

30  days. 

l>ie<l. 

E.C.F. 

1566 



26  „ 

1572 

,, 

— 

„ 

— 

Negative. 
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Remarks. — Of  the  29  animals  in  this  experiment,  13  contracted 
East  Coast  fever,  and  of  these  one  recovered.  The  percentage  infection 
was,  therefore,  nearly  45,  or  slightly  higher  than  that  in  the  previous 
experiment. 

This  difference  in  the  percentage  infection  is  of  no  significance, 
especially  when  compared  with  the  differences  observed  in  the  pre- 
ceding series  of  experiments. 

For  all  practical  purposes  it  would  appear  that  the  addition 
of  soft  soap  and  paraffin  to  the  dip  did  not  increase  its  protective 
properties  to  any  marked  degree.  Both  dips  failed,  in  a large  per- 
centage of  cases,  to  protect  cattle  against  a natural  infection  of  East 
Coast  fever. 


III.  GENERAL  DISCUSSION. 

The  results  obtained  in  these  experiments  are  valuable  in  them- 
selves, but  it  is  proposed  to  bring  under  review  also  the  extensive 
practical  experiences  with  dipping  as  a method  of  dealing  with 
East  Coast  fever  which  have  been  gathered  in  the  course  of  years. 

(1)  The  first  question  which  should  be  considered  is  whether 
official  b-day  dipping  combined  with  hand-dressing  is  effective  in 
checking  an  outbreak  of  East.  Coast  fever  on  a farm. 

Practical  experience  in  the  field  has  shown  that  on  many  occasions 
cases  of  East  Coast  fever  continued  to  occur  for  several  months  in 
spite  of  regular  dipping  and  hand-dressing.  In  other  cases  the  treat- 
ment appeared  to  have  an  almost  immediately  beneficial  effect, 
inasmuch  as  the  mortality  was  reduced  considerably  or  ceased 
altogether. 

The  experiments  recorded  above  show  clearly  that  on  a badly 
infected  farm  there  is  no  immediate  effect  on  the  incidence  of  the 
disease,  provided  that  no  steps  are  taken  to  remove  the  animals  from 
the  known  sources  of  infection.  In  practice  the  latter  procedure  is 
always  adopted,  wherever  possible,  and  to  this  must  be  ascribed 
very  largely,  if  not  entirely,  the  sudden  cessation  of  the  mortality 
so  often  observed.  The  experiments  at  Kindergoed  were  carried  out 
under  conditions  as  good  as  can  be  expected  on  any  farm.  Every 
animal  was  seen  daily,  and  the  treatment  itself  was  carried  out  under 
the  closest  supervision. 

Rain  interfered  only  on  rare  occasions,  and  even  then  the  dipping 
interval  was  not  longer  than  seven  days. 

A running  stream  on  the  farm  through  which  the  animals  had 
to  pass  to  the  dipping  tank  had  to  be  considered;  but,  as  previously 
stated,  the  cattle  were  kept  away  from  the  water  for  several  hours 
after  each  dipping.  To  make  up  for  the  dip  which  might  have  been 
washed  off  the  animals’  feet  while  crossing  the  stream,  half  the  num- 
ber of  cattle  in  the  different  experiments  were  made  to  walk  through 
an  arsenical  footbath  on  every  second  and  third  day,  i.e.  twice  during 
the  five  days’  interval  between  dippings,  while  the  other  half  served 
as  controls.  The  result  was  that  very  little  difference  could  be 
observed  in  the  percentage  of  infection  of  the  two  lots  of  animals; 
among  those  passing  through  the  arsenical  footbath,  68  per  cent,  con- 
tracted the  disease  as  compared  with  71  per  cent,  among  those  not 
submitted  to  this  treatment. 
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Such  being  the  case,  it  is  necessary  to  find  an  explanation  for  the 
fact  that  t lie  5-day-interval  treatment  is  apparently  not  effective  in 
preventing  animals  on  an  infected  farm  becoming'  infected.  The 
most  feasible  explanation  would  seem  to  he  that  the  interval  between 
two  successive  treatments  is  sufficiently  long  to  allow  infected  ticks 
to  get  on  to  the  animals  and  transmit  the  infection  before  the  sub- 
sequent treatment  can  he  applied.  In  this  connection  experiments 
have  shown  that  larval  and  nymphal  ticks  can  climb  on  to  animals 
and  engorge  in  (be  short  period  of  three  days  (72  hours)  and,  in  excep- 
tional cases,  even  in  (it)  hours.  However,  during  recent  years  the 
general  belief  has  been  that  ticks,  getting  on  to  cattle  that  are 
regularly  dipped,  do  not  bite  and  suck  blood  within  the  first  day  or 
two  and  should,  therefore,  he  caught  hv  5-day-interval  dipping 
before  much  harm  could  be  done.  This  aspect  of  the  question  will 
be  considered  again. 

(2)  The  next  point  to  consider  is  whether  3-day-inter  val  dipping , 
combined  with  hand-dressing , is  effective  in  checking  an  East  Coast 
fever  outbreak  on  an  mfeeted  farm  by  preventing  infected  ticks  from 
transmitting’  the  disease.  We  have  already  seen  that  5-day-interval 
dipping  will  not  succeed,  and  have  to  emphasize  now  that  3-day- 
interval  treatment  appears  to  be  in  no  way  superior  when  judged 
by  the  results  of  our  experiments. 

There  has  been  a general  impression  that  Pitchford  had  proved 
experimentally  that,  provided  cattle  were  dipped  at  3-day  intervals, 
they  would  not  become  infected  with  East  Coast  fever.  However, 
what  Pitchford  actually  proved  was  that,  by  dipping  infected  animals 
at  this  interval,  ticks  could  not  escape  alive  and  transmit  the  infec- 
tion to  other  cattle,  dipped  or  undipped.  In  other  words,  by  dipping 
infected  animals  regularly  on  a farm  no  further  ticks  could  become 
infected.  To  this  point  we  shall  also  return  later. 

Meanwhile,  we  have  to  conclude  that  by  carrying’  out  regular 
3-day  dipping  on  an  infected  farm,  we  cannot  hope  to  succeed  in 
stopping  the  disease  while  there  are  infected  ticks  and  while  the 
animals  are  exposed  to  infection.  Our  observations  go  to  show  that 
ticks  readily  get  on  and  bite  cattle  that  are  dipped  at  this  interval. 
By  the  time  the  next  dipping  day  arrives  the  ticks  have  already 
succeeded  in  transmitting  the  infection.  Judging  by  the  heavy 
mortality  which  occurred  in  spite  of  this  treatment,  we  are  even  forced 
to  the  conclusion  that,  once  ticks  have  got  on  and  attached  themselves 
to  the  animals,  they  will  succeed  in  conveying  the  infection,  even 
if  dipping  were  to  take  place  shortly  after.  In  other  words,  dipping 
has  no  immediate  effect  on  the  ticks,  which  in  many  cases  will  engorge 
fully,  transmit  the  infection  while  engorging,  and  then  die  after- 
wa  rds. 

The  results  of'  these  experiments  bear  out  in  a practical  way  the 
findings  of  (freen  and  Dykman  (1918)  and  of  Duke  and  co-workers 
(1928),  that  there  is  no  appreciable  accumulation  of'  arsenic  in  the 
skin  of  dipped  animals.  Had  there  been  such  an  accumulation,  as 
Pitchford  believed,  it  would  hardly  be  conceivable  that  the  ticks  bit 
so  readily  and  succeeded  in  transmitting  the  infection  to  so  large  a 
percentage  of  the  animals. 

(3)  A further  point  to  consider  is,  what  dipping  fluid  is  most 
effective  in  preventing  cattle  from  becoming  infested  with  ticks. 
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It  has  already  been  shown  that  there  is  very  little  difference  between 
3-  and  5-day-interval  dipping  when  plain  arsenite  of  soda  is  used  in 
the  official  strengths  (0.08  per  cent,  and  0.1G  per  cent.  As203 
respectively).  What  should  be  considered  now  is  Pitchford’s  3-day 
laboratory  dip,  which,  in  addition  to  arsenite  of  soda,  contains 
paraffin  and  soap.  The  results  of  our  experiments  show  that  this 
dipping  fluid  is  no  more  effective  in  preventing  cattle  from  becoming 
infected  with  East  Coast  fever  than  is  a dip  containing  plain  arsenite 
of'  soda  of  the  same  strength. 

(4)  Special  treatment  of  the  ears  and  tails  of  animals , in  the 
form  of  lmnd-d  ressi  n p with  tick-destroying  agents,  has  already 
received  attention,  but  it  is  necessary  to  give  further  consideration 
to  this  very  important  method  of  treatment. 

It  is  a well-known  fact  that  the  brown  tick  ( Rhipicephalus 
append ievlatus)  is  the  most  common  and  important  transmitter  of 
East  Coast  fever,  and  it  has  also  been  shown  that  the  larval  and 
nymphal  brown  ticks  are  to  be  found  in  the  ears  only.  It  follows, 
therefore,  that,  if  the  disease  is  to  be  checked  on  a farm,  special 
attention  should  be  paid  to  the  destruction  of  these  larval  and  nym- 
phal ticks.  By  their  destruction  the  adult  infected  tick,  which  is  the 
more  difficult  to  kill,  is  eliminated. 

This  fact  has  received  official  recognition  for  some  years,  and 
hand-dressing  of  the  ears  and  tails  of  cattle  on  infected  farms  has 
been  enforced  under  the  East  Coast  fever  regulations.  Although 
hand-dressing  has  been  practised  for  many  years,  there  have  been 
many  cases  where,  in  spite  of  the  regular  application  of  this 
additional  method  of  treatment,  outbreaks  of  East  Coast  fever  have 
not  been  checked  for  a considerable  time. 

The  results  of  the  experiments  under  discussion  have  shown 
clearly  that  hand-dressing  is  of  definite  value  in  combating  East 
Coast  fever  on  an  infected  farm,  while  Bedford  made  the  observation 
that  either  5-  or  3-day  dipping  alone  (without  hand-dressing)  was 
not  effective  in  destroying  the  larval  and  nymphal  ticks  in  the  ears. 

Regarding1  the  best  material  to  lie  used  for  this  purpose,  the 
results  of  these  experiments  would  seem  to  indicate  that  a tobacco 
and  oil  mixture  was  superior  to  an  arsenical  solution.  In  the  Union 
the  selection  of  the  hand-dressing  material  is  left  to  the  local  Govern- 
ment Veterinary  Officer,  and  this  has  resulted  in  a great  variety 
of  preparations  being  used.  We  were  not  in  a position  to  test  out 
a large  number  of  hand-dressing  materials,  but  selected  for  our 
experiments  two  of  t lie  preparations  most  commonly  employed.  In 
practice  great  reliance  is  jdaced  by  some  officers  on  different  kinds  of 
greasy  preparations,  the  so-called  “ tick  greases,”  but  in  one  case, 
which  came  under  our  observation,  the  use  of  tick  grease  gave  no 
better  results  than  was  obtained  from  other  preparations.  In  this 
case  the  animals  were  dipped  twice  weekly  (i.e.  every  fourth  and 
third  day)  in  5-day-interval  dip  and  were  regularly  hand-dressed 
with  “ tick  grease  ” on  each  dipping  day,  but  deaths  from  East 
Coast  fever  continued  unabated  for  several  months. 

While  there  appears  to  be  no  doubt  that  careful  and  regular 
hand-dressing  will  be  effective  in  destroying  most  or  all  larval  and 
nymphal  brown  ticks,  the  fact  remains  that  in  our  experiments,  cases 
of  East  Coast  fever  continued  to  occur,  even  when  this  treatment  was 
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earned  out  at  3-day  intervals.  It  is  difficult  to  explain  this  in  any 
other  way  than  the  one  we  have  already  ventured  to  express,  namely, 
that  ticks  are  not  destroyed  immediately  l>y  the  treatment,  but  live 
sufficiently  long-  to  transmit  the  disease  to  their  hosts  even  when 
these  are  being  dipped  and  hand-dressed  at  5-  or  3-day  intervals. 

(5)  Clipping  of  the  long  hairs  from  the  ears  ami  brush  of  the 
tail  has  been  in  official  use  for  some  years,  the  underlying  idea  being 
to  make  these  parts  more  accessible  to  the  dipping  fluid  or  the  hand- 
dressing material.  As  far  as  the  tail  brush  is  concerned,  it  would 
seem  that  fewer  ticks  are  to  be  found  on  tails  that  have  been  clipped 
than  on  undipped  tails.  The  results  of  the  dipping  experiments  also 
indicate  that  tick  destruction  is  more  effective  when  clipping  of  ears 
and  tails  is  carried  out,  but  the  difference  is  not  very  great.  In 
practice  this  clipping  involves  a great  deal  of  labour,  but  it  is 
essential  to  remove  the  long  hairs  at  the  entrance  to  t lie  ear,  especially 
when  a greasy  preparation  is  vised  for  the  treatment  of  the  ears. 

((j)  Another  question  to  be  answered  is,  whether  regular  short- 
interval  dipping  on  an  infected  farm  is  effective  in  preventing  further 
ticks  from  becoming  infected  with  East  Coast  fever  parasites.  If  this 
is  so,  then  the  disease  must  disappear  within  about  15  months,  since 
we  know  from  former  experiments,  and  from  the  experience  of  the 
last  25  years,  that  the  brown  ticks  will  not  live  or  remain  infective 
for  more  than  14  or  15  months  under  veld  conditions. 

And  yet  there  are  many  cases  on  record  where  deaths  from  East 
Coast  fever  continued  for  18  months,  two  years,  or  even  longer,  in 
spite  of  regular  dipping  and  hand-dressing. 

Now  we  know  from  Bedford’s  observations  that  all  larvae  and 
nymphae  are  destroyed  by  proper  dipping  and  hand-dressing;  and 
we  also  know  that  the  infection  does  not  pass  through  the  egg  of  the 
tick.  If,  therefore,  cases  of  East  Coast  fever  continue  to  occur  after 
15  months  of  dipping  and  hand-dressing,  we  can  only  conclude  that 
fresh  ticks  must  have  become  infected  during  that  period. 

Theoretically  this  should  not  be  possible;  in  other  words,  it 
every  animal  on  an  infected  farm  were  subjected  to  thorough  dipping 
and  hand-dressing  at  regular  intervals  of  three  or  five  days,  there 
should  be  no  further  infection  of  ticks  and  the  disease  should  be  at 
an  end  after  15  months.  But  this  ideal  is  difficult  to  attain.  In 
practice  many  difficulties  arise  which  may  be  described  as  the 
inherent  imperfections  of  the  dipping  system.  Some  of  these  may 
be  referred  to  briefly : 

(a)  When  dealing  with  large  herds  of  cattle  it  becomes  almost 
a physical  impossibility  to  attend  carefully  to  each  animal, 
on  every  third  or  fifth  day,  for  a long  continuous  period. 
The  result  is  that  the  work  is  carried  out  imperfectly 
at  times  (and  this  has  aptly  been  ascribed  to  the  failure  id' 
the  “ human  element  ”). 

(b)  On  wet  or  rainy  days  dipping  cannot  be  carried  out,  and 
the  interval  must  therefore  be  lengthened.  Unfortunately, 
rainy  or  wet  days,  on  which  dipping  has  to  be  postponed 
are  not  uncommon  during  the  summer  months. 
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(c)  During  the  winter  months,  again,  cattle  are  very  often  in 
poor  condition,  with  the  result  that  some  animals  have 
to  be  exempted  from  regular  dipping  or  else  the  dipping 
interval  has  to  he  increased. 

(d)  On  some  farms  it  is  a difficult  matter  to  bring  all  cattle 
regularly  to  the  dipping  tank  at  stated  intervals,  with  the 
result  that  some  escape  regular  immersion;  we  refer 
particularly  to  farms  that  are  unfenced,  thickly  wooded, 
or  whose  owners  are  not  sufficiently  careful. 

(e)  It  is  sometimes  very  difficult  to  get  sick  cattle  to  the  dip- 
ping tank;  such  cattle  may  be  some  distance  from  the  tank 
and  can  be  driven  there  only  with  great  difficulty.  If  they 
happen  to  be  suffering  from  East  Coast  fever,  it  stands  to 
reason  that  further  infection  of  ticks  might  take  place. 
There  are  standing  instructions  that  sick  cattle  on  an 
infected  farm  must  either  be  dipped  regularly  or  destroyed, 
but  it  is  not  always  possible  to  carry  this  out  promptly. 

These  difficulties  are  very  common  in  practice,  and  make  the 
dipping  method  a very  imperfect  system  of  eradicating  East  Coast 
fever  from  an  area. 

(7)  A further  point  that  received  attention  was,  whether  the 
tick-killing  effects  of  dipping  were  mare  pronounced  in  cattle  that 
have  been  dipped  regularly  for  some  time  than  hi  animals  only 
recently  introduced  to  dipping.  Our  observations  have  shown  that 
ticks  readily  attach  themselves  to  cattle  that  have  been  dipped 
regularly  over  long  periods.  In  the  experiments  recorded  in  this 
article  some  animals  were  used  which  had  been  dipped  for  several 
months,  others  for  a few  weeks  only,  and  still  others  not  at  all. 
East  Coast  fever  appeared  among  all  of  them,  and  the  incidence  of 
the  disease  was  approximately  the  same  in  all  the  groups.  It  is  true 
that  in  the  first  series  of  experiments  the  impression  was  gained  that 
the  mortality  was  smaller  in  those  cattle  which  had  been  dipped  for  a 
long  period,  but  it  was  soon  discovered  that  the  smaller  percentage  of 
infection  in  the  local  cattle  was  not  due  to  prolonged  dipping,  but 
to  the  fact  that  a hig  percentage  of  them  had  developed  immunity 
as  a result  of  natural  attacks  of  the  disease. 

(<S)  From  the  results  of  these  experiments,  and  from  observations 
in  the  field,  it  may  be  concluded  that  dipping  is  by  no  means  an  ideal 
method  of  dealing  with  an  outbreak  of  East  Coast  fever. 

To  prevent  misunderstanding,  we  should  add  at  once  that  we 
do  not  question  for  one  moment  the  value  of  dipping  as  a method 
of  tick  destruction.  Dipping  has  brought  untold  benefits  to  South 
Africa  and  other  countries  where  tick  life  is  abundant.  In  our 
country  dipping  has  reduced  greatly  the  incidence  of  diseases  like 
redwater  and  gallsickness  in  cattle,  biliary  fever  in  horses  and  dogs, 
and  heart  water  in  cattle,  sheep  and  goats.  It  has  rendered  dairy 
farming  possible  and  lucrative  in  areas  where  formerly  it  was  impos- 
sible to  raise  calves  and  where  it  was  rare  to  find  a cow  with  all  four 
teats  intact.  It  has  rendered  large  tracts  of  country  available  for 
sheep-fanning  where  for  decades  no  sheep  could  be  kept  owing  to  the 
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ravages  of  heart  water.  It  has  also  assisted  materially  in  the  cam- 
paign against  East  Coast  fever,  inasmuch  as  it  has  reduced  the 
number  of  ticks  enormously  and  thus  made  it  possible  to  suppress  an 
outbreak  of  the  disease  more  easily. 

Without  dipping  cattle,  farming  would  he  an  impossibility  in 
South  Africa  to-day. 

But  as  a method  of  eradicating  East  Coast  fever,  it  has  its 
serious  drawbacks,  the  chief  of  which  is  the  slowness  of  the  process. 
We  have  seen  above  that  cases  of  East  Coast  fever  may  be  expected 
as  long  as  there  are  infected  ticks  on  the  farm,  and  even  after  the 
last  death  it  is  necessary  to  continue  short-interval  dipping  for  at 
least  15  months.  During  this  long  period  cattle  may  stray  or  be 
moved  illegally  from  the  infected  farm,  and  if  one  of  the  animals 
happens  to  be  infected,  fresh  outbreaks  of  the  disease  (very  often 
unsuspected  and  undetected  for  a considerable  time)  may  occur  in 
some  other  part  of  the  country. 

Another  drawback  of  the  dipping  method  is  its  great  cost  to  the 
State,  in  practice  it  lias  been  found  necessary  to  provide  supervision 
in  all  cases  where  compulsory  dipping  is  carried  out,  and  this  has 
meant  the  maintenance  of  a very  large  staff  of  State-paid  supervisors. 
If  satisfactory  results  were  assured  within  a reasonably  short  period, 
file  expenditure  would  be  completely  justified,  but,  in  view  of  the 
uncertainty  of  the  results,  the  question  must  he  asked  whether  other 
methods  would  not  yield  better  and  more  certain  results  in  a shorter 
time  and  at  a lesser  cost. 

One  such  method  which  immediately  suggested  itself  is  the 
slaughtering  of  all  cattle  or  their  removal  from  the  infected  farm  as 
soon  as  the  infection  is  diagnosed.  Such  a method  may  seem  crude 
and  costly,  hut  it  is  ideal  from  many  points  of  view,  and,  in  the 
long  run,  is  far  cheaper  than  dipping  under  supervision.  By 
slaughtering  or  removing  all  cattle  and  keeping  the  infected  farm 
free  of  cattle  for  a period  of  at  least  15  months,  all  danger  of  a 
further  spread  of  the  disease  is  eliminated,  the  cleansing  of  the  farm 
a!  the  end  of  that  period  is  assured,  and  the  costs  and  trouble  of  Id 
months’  dipping  at  three  or  five  days'  intervals  are  saved. 

Nevertheless,  dipping  will  still  he  used  in  the  campaign  against 
East  Coast  fever  in  many  cases.  As  a preventive  method  it  will  con- 
tinue to  serve  the  useful  purpose  of  reducing  the  number  ot  ticks; 
and  in  actual  outbreaks  of  East  Coast  fever  there  may  he  circumstances 
which  may  render  other  measures  impracticable  and  leave  no  alterna- 
tive but  to  enforce  short-interval  dipping. 

However,  in  cases  where  dipping  has  to  he  employed  for  the 
control  of  East  Coast  fever,  it  is  well  to  be  aware  of  the  drawbacks 
and  limitations  of  this  method.  The  experiments  recorded  in  this 
paper  have  shown  that  we  cannot  expect  dipping  to  put  a stop  to 
the  mortality  on  a farm  which  has  become  badly  infected  with  hast 
Coast  fever.  In  such  a case,  therefore,  the  best  policy,  especially  i! 
the  outbreak  is  an  isolated  one,  would  be,  not  to  enforce  dipping,  but 
to  adopt  some  other  measure  (such  as  slaughtering)  which  would 
eliminate  the  risk  of  a further  spread  of  the  disease. 
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IV.  SUMMARY  AND  CONCLUSIONS. 

(1)  Short-interval  (lipping-  with  hand-dressing-  lias  been  shown 
not  to  be  effective  in  checking  an  outbreak  of  bast  Coast  fever  on  an 
already  badly  infected  farm.  Cases  of  the  disease  will  occur  so  long  as 
there  are  infected  ticks  on  the  farm  and  the  cattle  are  exposed  to 
infection  by  such  ticks. 

(2)  There  appears  to  lie  very  little  difference  in  the  effects  of 
3-  and  5-day-interval  dipping-  and  hand-dressing. 

(3)  The  value  of  dipping  in  plain  arsenite  of  soda  of  3-day 
strength  (0.08  per  cent.  As2  (_).,)  is  not  materially  enhanced  by  adding 
to  this  fluid  soap  and  paraffin  (Pitchford’s  formula). 

(4)  Hand-dressing  of  the  ears  and  tails  appears  to  be  a necessary 
adjunct  to  dipping  for  the  destruction  of  all  ticks  on  animals.  Of 
the  preparations  tried,  a tobacco  and  oil  mixture  has  given  the  best 
results. 

(5)  The  clipping  of  hairs  from  the  ears  and  brush  of  the  tail 
seems  to  assist  dipping  and  hand-dressing-  in  the  destruction  of  ticks. 

(0)  Cattle  which  have  been  dipped  regularly  for  a considerable 
time  seem  to  contract  East  Coast  fever  as  readily  as  those  only 
recently  dipped  for  tbe  first  time.  This  result  speaks  against  the  idea 
that  there  is  an  appreciable  accumulation  of  arsenic  in  the  skin  of 
dipped  animals. 

(T)  On  many  infected  farms  where  sliort-interval  dipping  is 
carried  out,  further  infection  of  ticks  takes  place,  this  being  due 
mostly  to  the  many  practical  difficulties  in  the  way  of  carrying  out 
the  system  in  a perfect  manner.  Among  these  difficulties  may  He 
mentioned  unfavourable  climatic  conditions,  poor  grazing,  lack  of 
fencing,  and  proper  control  of  the  animals. 

(8)  In  the  destruction  of  ticks  and  the  eradication  of  tick-borne 
diseases  dipping  has  been  of  inestimable  value;  it  has  rendered  many 
parts  of  the  Union  fit  for  cattle  and  sheep  farming. 

(9)  For  the  eradication  of  East  Coast  fever  dipping  is  a slow 
process  which  has  many  disadvantages.  With  the  present  very 
limited  distribution  of  the  disease  in  the  Union  it  would  pay  the 
State  much  better  to  adopt  other  measures  (e.g.  slaughtering  or 
removal  of  cattle),  especially  in  isolated  outbreaks. 
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The  Nature  and  Duration  of  the  Immunity 
Against  Bluetongue  in  Sheep. 


By  P.  -T.  DU  TOIT,  B.A.,  Dr. Phil.,  Dr.Med. Vet.,  Director  of 
Veterinary  Services,  Onderstepoort. 


INTRODUCTION. 

Very  little  has  been  published  during  the  last  twenty  years  on  the 
subject  of  bluetongue  in  sheep.  The  investigations  of  Theiler, 
Spreull,  and  others,  during  the  early  years  of  this  century,  cleared 
up  most  of  the  problems  in  connection  with  this  disease,  and  enabled 
veterinary  research  workers  in  South  Africa  to  devote  their  attention 
to  other  more  pressing  problems. 

The  method  of  immunization  introduced  by  Theiler  in  1906  has 
proved  eminently  satisfactory  and  has  been  a veritable  blessing  to 
sheep  farmers  in  those  parts  of  the  country  where  bluetongue  occurs. 
Since  the  introduction  of  this  vaccine  more  than  25  million  doses 
have  been  issued  and  the  results,  generally  speaking,  have  been  very 
good  indeed.  Unfortunately,  it  is  impossible  to  obtain  reliable  data 
about  the  results  of  inoculation  carried  out  over  the  length  and 
breadth  of  the  country  by  the  farmers  themselves;  it  is,  however, 
probably  safe  to  assume  that  the  total  losses  from  bluetongue  in 
vaccinated  sheep  amounted  to  less  than  one  per  cent. 

Nevertheless,  cases  have  been  reported  every  year  of  unsatis- 
factory results  following  the  use  of  bluetongue  vaccine.  In  sonm 
cases  the  vaccine  was  supposed  to  cause  unduly  severe  reactions  in 
inoculated  sheep ; in  others  it  was  supposed  to  produce  insufficient 
immunity,  so  that  such  sheep  contracted  virulent  bluetongue  when 
exposed  to  natural  infection.  The  first  class  of  complaint  need  not  be 
discussed  here  in  detail.  Suffice  it  to  say,  that,  whenever  such  com- 
plaints could  be  investigated,  it  was  found  that  other  causes  and  not 
the  bluetongue  vaccine  were  responsible  for  the  severe  reactions  cr  tin- 
mortality  in  1 lie  sheep.  Thus  in  many  cases  it  was  found  that  the 
sheep  had  been  exposed  to  and  become  infected  with  natural  bine- 
tongue  before  they  were  vaccinated,  and  that  the  mortality  was  due 
to  the  virulent  disease.  In  many  other  cases  the  sheep  were  found 
to  be  heavily  infested  with  worm  parasites  from  the  effects  of  which 
they  were  actually  dying,  or  were  reduced  to  such  a state  of  weakness 
that  even  the  mild  vaccine  reaction  affected  them  adversely. 

In  regard  to  the  second  class  of  complaint,  namely  that 
insufficient  protection  had  been  afforded  by  tin*  vaccine,  it  was  felt 
that  more  information  was  required  about  f lic  nature  of  the  immunity 
produced  by  the  vaccine.  It  was  largely  the  realization  of  our 
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inadequate  knowledge  on  this  point  which  prompted  the  investigations 
detailed  in  the  following  pages. 

In  the  past,  farmers  in  hluetongue  areas  have  been  advised  to 
inoculate  their  sheep  every  year,  the  idea  being  that  the  immunity 
resulting  from  the  vaccine  (or,  for  that  matter,  from  a natural  attack 
of  hluetongue)  will  have  disappeared  after  this  period.  In  actual 
practice  many  farmers  found  that  there  was  still  some  degree  of 
immunity  present  after  one  year  and,  therefore,  they  gave  the  full 
dose  of  vaccine  (1  e.c.)  to  their  sheep  only  at  the  first  inoculation,  and 
half  a dose  (0.5  c.c.)  each  subsequent  year. 

Tlieiler  (1909)  carried  out  a few  experiments  on  this  point  and 
found  that  the  immunity  could  he  broken  down  by  comparatively 
large  doses  of  virus  (20  to  100  c.c.)  and  that  the  breakdown  was  the 
more  likely  to  occur  the  longer  the  period  between  immunization  and 
test.  He  also  observed  natural  breakdowns  10  to  15  months  after 
immunization. 

EXPERIMENTAL  WORK. 

Our  own  experiments  were  intended  to  give  more  accurate  infor- 
mation on  this  problem. 

Object  of  the  Experiments. 

To  determine  the  duration  of  the  immunity  conferred  on  sheep 
inoculated  with  the  ordinary  hluetongue  vaccine;  and  also  the  degree 
of  the  immunity  present  after  varying  intervals  when  tested  with  the 
homologous  vaccine  or  with  a virulent  (heterologous)  strain. 

Method  Em pt.oyed. 

Out  of  the  large  number  of  sheep  (nearly  2,000)  used  during 
the  1927  season  for  the  production  of  hluetongue  vaccine,  about  130, 
all  of  which  had  given  very  good  reactions,  were  selected  and  retained 
in  order  to  be  tested  for  immunity  after  varying  intervals.  In  some 
of  these  tests  the  same  strain  of  virus  (vaccine)  was  used  as  in  the 
original  inoculation,  in  other  cases  a virulent  (heterologous)  strain 
was  employed. 

In  all  of  these  experiments  the  standard  dose  of  1 c.c.  vaccine  or 
virus  was  given  subcutaneously.  From  Tlieiler’s  experiments  it  was 
known  that  large  doses  of  virus  could  break  down  the  immunity;  in 
our  experiments,  however,  the  object  was  to  use  the  smaller  dose 
which  would  approximate  more  closely  to  the  conditions  of  a natural 
infection. 


EXPERIMENT  1.  (S.  3462.) 

Immunity  Test  Four  Weeks  after  Immunization. 

Ten  immune  sheep  were  used  in  this  experiment.  All  of  these  had 
given  a good  temperature  reaction  when  injected  with  the  vaccine  strain 
of  hluetongue  (B.  575  and  576).  The  temperature  reaction  lasted,  in 
practically  all  cases,  from  the  7th  or  8th  to  the  15th  or  16th  day 
after  injection.  Two  weeks  after  the  return  of  the  temperature  to 
normal  (i.e.  four  weeks  after  the  first  inoculation)  the  immunity  of 
these  sheep  was  tested.  Six  were  injected  with  a fairly  virulent 
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strain  of  bluetongue  virus  (No.  10357)  and  four  with  the  same  vaccine 
strain  with  which  they  had  been  injected  previously.  Four  controls 
were  added  ; two  were  injected  with  the  virulent  strain  and  two  witli 
the  vaccine  strain. 

Result. — None  of  the  ten  immune  sheep  reacted.  All  four  control 
sheep  gave  good  temperature  reactions. 

Conclusion . — The  immunity  conferred  by  the  bluetongue  vaccine 
appears  to  be  solid  four  weeks  after  the  vaccination. 

EXPERIMENT  2.  (S.  3495.) 
lested  after  Two  Months. 

Eli e arrangement  was  the  same  as  in  the  previous  experiment. 
Nine  sheep  were  tested  for  immunity  two  months  after  the  first 
inoculation.  Five  were  injected  with  the  virulent  strain,  together 
with  two  controls;  four  immune  and  two  control  sheep  were  injected 
with  the  vaccine  strain  (B.  577  and  578). 

Result. — Of  the  five  sheep  tested  with  the  virulent  strain  one 
gave  a good  temperature  reaction  but  showed  no  other  clinical 
symptoms  of  bluetongue.  The  two  control  sheep  which  were  tested 
with  the  same  strain  both  reacted  severely  and  one  of  them  died. 

None  of  the  four  sheep  injected  with  the  vaccine  strain  reacted  ; 
the  two  controls  gave  temperature  reactions,  but  showed  no  other 
symptoms. 

Conclusion. — In  the  majority  of  cases  (eight  out  of  nine)  the 
immunity  appeared  to  be  solid  two  months  after  the  first  inoculation. 
In  one  case,  however,  a sheep  (No.  19511)  reacted  to  the  injection 
of  a virulent  strain  although  two  months  previously  it  had  also  given 
a good  reaction  when  injected  with  the  bluetongue  vaccine. 

It  would  appear,  therefore,  that  in  a small  percentage  of  cases 
(one  out  of  nine)  the  immunity  produced  by  the  vaccine  may  have 
disappeared  partially  after  two  months. 

EXPERIMENT  3.  (S.  3525.) 

Tested  after  Three  Months. 

Fifteen  sheep  which  had  passed  through  the  immunizing  reaction 
three  months  previously  were  used  in  this  experiment.  Nine  were 
tested  with  a virulent  strain  together  with  three  controls;  and  six 
immune  and  three  control  sheep  were  tested  with  the  vaccine  strain 
(B.  579,  580,  and  581). 

Result. — None  of  the  15  immune  sheep  reacted,  whereas  all  six 
control  sheep  gave  good  temperature  reactions. 

Conclusion . — In  all  the  animals  tested  in  (his  experiment  the 
immunity  conferred  by  the  vaccine  seemed  to  be  solid  after  three 
months. 

EXPERIMENT  4.  (S.  3337.) 

Tested  after  Tour  Months. 

Ten  sheep  which  had  been  inoculated  with  bluetongue  vaccine 
four  months  previously  and  two  control  slice])  were  lesled  with  a 
virulent  strain. 
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/{exult.-  The  two  controls  reacted  severely  and  one  of  them  died 
of  bluetongue.  Of  the  10  immunized  sheep,  five  showed  distinct 
temperature  reactions;  in  three  the  tempeiature  reaction  was  some- 
what doubtful  and  two  remained  definitely  negative. 

Conclusion. — In  these  ten  sheep  the  immunity  had  partly 
disappeared  four  months  after  immunization.  However,  it  is  of 
importance  to  note  that  whereas  the  two  control  sheep  reacted  very 
severely  and  one  actually  died,  the  reactions  in  the  immunized  sheep, 
if  present  at  all,  were  confined  to  a moderate  rise  of  temperature. 
It  would  seem,  therefore,  that  the  immunity  in  these  sheep,  although 
not  strong  eyough  to  prevent  a temperature  reaction,  was  sufficiently 
strong  to  protect  the  sheep  against  any  serious  effects  of  a virulent 
bluetongue  strain. 

EXPERIMENT  5.  (S.  3373.) 

Tested  after  Five  Months. 

Twenty  immunized  sheep  were  tested,  10  with  a virulent  strain 
and  10  with  the  same  vaccine  strains  (B.  530,  531,  532,  533,  and  534) 
with  which  ihese  sheep  had  been  immunized  five  months  previously. 
Three  control  sheep  were  added  to  the  former  lot  and  two  to  the 
latter. 

Result.  -Out  of  the  10  sheep  injected  with  the  virulent  strain 
(16357)  five  gave  typical  temperature  reactions,  without  any  other 
symptoms,  three  gave  somewhat  doubtful  reactions,  and  two  remained 
negative.  The  three  control  sheep  which  were  tested  with  the  same 
strain  showed  very  severe  clinical  symptoms  of  bluetongue  and  one 
of  them  died  of  bluetongue. 

( )f  the  10  sheep  tested  with  the  vaccine  strains,  four  showed  good 
temperature  reactions,  one  a mild  reaction,  two  doubtful  reactions, 
and  three  remained  negative.  No  clinical  symptoms  were  observed 
in  any  of  these  sheep.  The  two  controls  showed  good  temperature 
reactions,  but  no  clinical  symptoms  (as  was  to  be  expected  with  a 
vaccine  strain). 

Conclusion . — Taking  the  20  sheep  together,  we  see  that  the  immu- 
nity, which  had  been  present  4A  months  previously,  had  largely 
disappeared.  Only  live  sheep  (25  per  cent.)  failed  to  react  at  all 
when  tested,  five  gave  doubtful  reactions,  and  the  other  10  (50  per 
cent.)  showed  distinct  bluetongue  reactions,  comparable  with  those 
shown  five  months  ago. 

The  interesting  fact  again  is  that,  although  these  sheep  gave 
temperature  reactions,  no  clinical  symptoms  of  any  kind  were  ob- 
served, in  spite  of  the  fact  that  half  of  them,  were  tested  with  a 
virulent  strain  which  killed  one  out  of  the  three  control  sheep. 

There  is,  therefore,  undoubtedly  still  a partial  immunity  present 
after  five  months,  which  is  sufficient  to  protect  the  sheep,  in  a clinical 
sense,  against  bluetongue. 

EXPERIMENT  6.  (S.  3414.) 

Tested  after  Six  Months. 

Twenty-five  immunized  sheep  were  used  in  this  experiment,  15 
were  tested  with  a virulent  strain  (16357),  together  with  three 


72 


P.  J.  DTJ  TOI'i'. 


controls,  and  10  plus  two  controls  were  tested  with  the  vaccine 
strains  (B.  543,  544,  545,  546,  and  547)  with  which  these  10  sheep 
had  previously  been  inoculated. 

Result. — Of  the  15  sheep  tested  with  the  virulent  strain,  seven 
or  eight  gave  distinct  temperature  reactions,  but  none  of  them  showed 
any  clinical  symptoms.  The  remainder  were  either  negative  or  very 
doubtful.  The  control  sheep  showed  fairly  severe  reactions. 

Of  the  10  sheep  tested  with  the  vaccine  strains  one  gave  a typical 
reaction,  one  a late  reaction,  one  a mild  reaction,  two  doubtful  re- 
actions, and  the  other  five  were  negative.  The  two  control  sheep 
gave  good  reactions. 

Conclusion. — It  would  appear  that  the  immunity  conferred  by  the 
vaccine  was  still  “ solid  ” in  about  50  per  cent,  of  these  sheep.  The 
other  50  per  cent,  were  again  susceptible  in  varying  degrees,  but 
not  one  of  them  showed  clinical  symptoms  on  being  tested  with  a 
virulent  strain. 

EXPERIMENT  7.  (S.  3515.) 

Tested  after  Mine  Months. 

Twenty  sheep  which  had  been  immunized  nine  months  previously 
were  tested;  10  with  a virulent  strain  of  bluetongue  (16357)  and  10 
with  the  original  vaccine  strains  (B.  556,  557,  558,  560,  and  561). 
Three  controls  were  added  to  the  first  lot  and  two  to  the  second. 

Result. — Of  the  10  sheep  tested  with  the  virulent  strain  five 
showed  no  reaction  at  all ; the  other  five  showed  good  temperature 
reactions,  in  one  or  two  cases  (18204,  18222),  with  slight  clinical 
symptoms  of  bluetongue  (feet  slightly  warm  and  tender,  lips  red,  and 
swollen).  Two  out  of  the  three  controls  reacted  with  clinical  symp- 
toms, the  third  remained  negative. 

Of  the  10  sheep  tested  with  the  vaccine  strains  none  reacted. 
The  two  controls  gave  temperature  reactions. 

Conclusion. — The  result  of  the  test  with  virulent  material  shows 
that  after  nine  months  the  immunity  is  still  further  reduced  so  that 
slight  clinical  symptoms  may  appear  in  some  of  the  sheep.  How- 
ever, even  after  this  interval  50  per  cent,  of  the  slice])  so  tested 
were  found  to  be  completely  immune. 

The  result  of  the  test  with  the  vaccine  strain  was  somewhat 
surprising  and  probably  misleading,  in  that  not  one  of  the  tested 
animals  reacted.  In  the  foregoing  experiments  it  was  found  that 
even  after  five  or  six  months  a certain  percentage  of  sheep  so  tested 
must  he  expected  to  react.  The  negative  result  in  this  case  must 
probably  be  explained  as  a coincidence  due  to  the  small  number  of 
sheep  employed. 

EXPERIMENT  8.  (S.  3609.) 

Tested  after  Twelve  Months. 

A<>ain  20  sheep  were  used;  10  of  these  were  tested  with  a 
virulent  strain  and  10  with  the  vaccine  strain  (B.  558,  559,  561,  562). 
All  these  sheep  had  been  immunized  exactly  twelve  months 
previously.  Three  controls  were  added  to  each  group. 
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Result. — Of  t lie  10  sheep  tested  with  the  virulent  strain  four 
were  entirely  negative,  two  gave  very  slight  rather  doubtful  tem- 
perature reactions,  and  only  four  showed  definite  typical  temperature 
reactions,  but  no  other  clinical  symptoms.  The  three  controls  reacted 
typically  and  one  showed  severe  clinical  symptoms,  but  recovered. 

Of  the  10  sheep  tested  with  the  vaccine  strain  four  were  entirely 
negative,  five  gave  slight  very  mild  temperature  reactions,  and  only 
one  showed  a good  temperature  reaction.  The  three  controls  gave  the 
usual  reactions  without  clinical  symptoms. 

C (inclusion . — It  will  be  seen  from  the  above  results  that,  even  a 
full  year  after  vaccination,  a fairly  large  percentage  of  sheep  are 
completely  immune,  not  only  against  the  homologous  vaccine  strain, 
but  even  against  a virulent  strain.  Those  sheep  that  did  react  showed 
(in  the  present  experiment)  only  a rise  of  temperature  without  any 
other  clinical  symptoms. 

It  would  seem,  therefore,  that,  as  a rule,  the  vaccine  protects 
sheep  for  a period  of  at  least  a year  against  serious  illness  and  death 
from  bluetongue. 

Summary. 

In  the  following  table  the  results  of  the  experiments  recorded 
above  have  been  summarized. 


74 


P.  .T 


DU  TOIT 


IMMUNITY  AGAINST  BLI7ET0NGUE. 


S> 


fcC  W)  OJ 

5 o|§d 


c 

c 3 w 

o C3 

£ £ 


sloe  i 


I 


I I 


I I 


I I 


I I 


g CO  = CO 


II 


I •§ 


'6 


1’.  3.  DU  TOIT. 


DISCUSSION  AND  GENERAL  CONCLUSIONS. 

1.  The  immunity  conferred  by  the  bluetongue  vaccine  seems  to 
he  “ solid  ” in  practically  all  cases  for  a period  of  at  least  three 
months. 

2.  After  four  months  the  immunity  seems  to  become  weaker  and 
some  of  the  immunized  sheep  may  now  give  a temperature  reaction  if 
injected  with  a virulent  strain  of  bluetongue  virus. 

-I.  Si.r  months  after  immunization  the  immunity  seems  to  be 
practically  the  same  as  after  four  months.  Sheep  tested  with  a 
virulent  strain  or  with  an  attenuated  strain  of  bluetongue  virus 
may  show  temperature  reactions  in  approximately  50  per  cent,  of 
the  cases,  but  none  of  the  sheep  so  tested  in  our  experiments  have 
shown  any  other  clinical  symptoms  of  the  disease. 

4.  Hence,  for  a period  of  at  least  six  months,  the  immunity 
appears  to  be  strong  enough  to  protect  sheep  in  a clinical  sense.  If 
immunized  sheep  should  be  exposed  to  reinfection  during  this  period 
they  may  develop  a fever  reaction,  but  will  not  show  other  symptoms 
of  fhe  disease.  A o losses  need  he  feared. 

5.  After  nine  months  there  is  still  a considerable  degree  of 
immunity  present.  Approximately  half  of  the  immunized  sheep  will 
still  have  a solid  immunity.  However,  in  the  other  half,  the 
immunity  may  now  be  weaker  than  after  six  months,  so  that  sheep 
which  are  reinfected  at  this  stage  may,  in  addition  to  a fever  reaction, 
show  slight  clinical  symptoms  of  bluetongue.  In  the  experiments 
none  of  the  sheep  showed  serious  symptoms  nor  were  their  lives  in  any 
way  endangered. 

G.  Twelve  months  after  immunization  with  bluetongue  vaccine 
the  immunity  of  sheep  is  still  fairly  strong.  W hen  injected  with 
virulent  bluetongue  virus  only  a certain  proportion  of  the  sheep  will 
react  and  these  will  generally  show  a fever  reaction  only.  According 
to  the  results  of  the  experiments  no  losses  need  be  feared  in  such 
sheep. 

7.  Generally  speaking,  there  was  a gradual  hut  slow  decrease  in 
immunity  from  the  third  to  the  twelfth  month  after  vaccination. 
But  even  at  the  latter  stage  the  immunity  was  strong  enough  to 
prevent  losses. 

8.  The  marked  difference  which  was  shown  throughout  the 
experiments  between  immunized  anil  susceptible  {con  t rid)  sheep 
proves  beyond  doubt  the  value  of  fhe  vaccine.  t)t  1 lie  2 1 susceptible 
sheep  injected  with  the  virulent  bluetongue  strain,  practically  eveiy 
one  gave  a severe  fever  reaction,  in  many  cases  with  clinical  symp- 
toms^ and  four  died;  whereas  of  the  75  immunized  sheep  tested  with 
the  same  strain,  only  2(1  showed  a rise  of  temperature,  and  of  these  not 
one  was  at  any  time  in  danger  of  dying. 

9.  ()n  the  whole,  there  was  not  much  difference  between  the 
reactions  in  immunized  sheep  produced  by  tin*  virulent  strain  and 
those  produced  by  the  vaccine  strain.  There  was,  of  course,  a very 
marked  difference  in  the  reactions  produced  by  these  two  strains  in 
the  control  sheep ; whereas  the  virulent  strain  caused  severe  tempera- 
ture reactions  with  clinical  symptoms  and  death,  the  vaccine  strain 
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produced  only  the  comparatively  mild  temperature  reactions  usually 
experienced  after  vaccination. 

10.  From  the  results  of  these  experiments  the  conclusion  seems 
justified  that  vaccination  once  a year  is  sufficient  to  protect  sheep 
against  bluetongue.  It  was  shown  in  the  experiments  that  even  at 
the  end  of  the  12  months'  period  there  was  sufficient  immunity  present 
to  render  the  injection  of  1 c.c.  virulent  bluetongue  virus  harmless. 

11.  There  would  seem  to  be  some  justification  for  the  practice 
adopted  by  many  farmers,  and  alluded  to  at  the  beginning  of  this 
article,  of  giving' their  sheep  only  half  a dose  (I  c.c.)  of  vaccine  each 
year  after  the  first  inoculation.  However,  it  would  be  safer  and  in 
every  way  preferable  to  continue  giving  the  full  dose. 

12.  Another  practice  of  some  farmers  may  be  analysed  in  the 
light  of  the  foregoing  experiments.  In  had  bluetongue  areas  the 
sheep  are  sometimes  inoculated  twice  in  one  year ; first  just  before 
the  “bluetongue  season  ” (say  in  October),  and  then  again  just 
before  the  heavy  rains  (say  in  January).  This  practice  has  sometimes 
been  recommended  by  veterinary  officers.  It  finds  its  explanation  and 
justification  in  the  above  experiments;  the  immunity  conferred  by 
the  first  inoculation  would  begin  to  decline  just  at  the  time  (after 
three  or  four  months)  of  the  heavy  rains  when  bluetongue  is  generally 
at  its  worst;  hence  the  second  inoculation.  However,  if  sheep  are 
otherwise  in  good  health  and  condition,  it  would  not  seem  necessary 
to  give  this  second  inoculation.  Our  experiments  have  shown  that, 
even  if  the  sheep  should  get  infected  with  a virulent  strain  three  or 
four  months  after  vaccination,  their  immunity  will  be  strong  enough 
to  protect  them.  It  is  only  in  cases  where  the  sheep’s  vitality  and 
resistance  have  been  lowered  through  drought  or  worm  infection,  or 
other  diseases,  that  a second  inoculation  with  bluetongue  vaccine  may 
be  advisable. 

13.  In  interpreting  the  above  results,  it  is  necessary  to  hear  in 
mind  that  all  the  experiments  were  conducted  under  “ laboratory 
conditions”;  the  sheep  were  stabled  all  the  time  and  received  good 
food  and  bedding.  Had  these  experiments  been  conducted  under 
“veld  conditions”  the  results  may  have  been  somewhat  different;  of 
the  control  sheep  injected  with  the  virulent  strain  more  would 
probably  have  died,  and  amongst  the  immunized  sheep  tested  with 
the  same  strain  there  may  have  been  more  showing  clinical  symptoms. 
Nevertheless,  these  experiments  have  yielded  valuable  results  and 
have  explained  and  corroborated  much  of  the  evidence  which  has 
accumulated  during  the  20  odd  years  the  bluetongue  vaccine  has 
been  in  use. 
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Studies  on  the  Virus  of  Bluetongue. 


By  P.  J.  DU  TO  IT,  B.A.,  Dr. Phil.,  Dr.Med.Vet,,  Director  of 
Veterinary  Services. 


In  1905  Tlieiler  showed  that  bluetongue  was  caused  by  an  ultravisible, 
filtrable  virus.  He  and  other  contemporary  investigators  (Spreull, 
Robertson,  etc.)  studied  and  described  various  other  properties  of  the 
virus,  so  that  the  main  characteristics  of  this  virus  have  been  known 
for  more  than  ‘20  years. 

In  the  course  of  immunization  experiments  recorded  elsewhere  in 
this  volume,  various  points  in  connection  with  the  virus  of  bine- 
tongue  again  came  under  investigation,  and  the  results  obtained  will 
be  described  here. 

I.  ATTENUATION  OF  THE  VIRUS. 

In  his  Annual  Report  for  the  year  1906-1907  Tlieiler  gave  a 
description  of  an  experiment  which  led  to  the  production  of  a vaccine 
against  bluetongue.  He  showed  that  by  simply  sub-inoculating  the 
virus  from  one  generation  of  sheep  to  another,  the  mortality  steadily 
decreased.  From  the  first  to  the  tenth  generation  the  mortality  was 
11  per  cent.,  and  from  the  lltli  to  the  18th,  nil. 

This  attenuated  virus  or  vaccine  was  thereupon  (in  February, 
1907)  tried  in  practice  and  during  the  first  year  the  mortality  due  to 
vaccination  was  0.4  per  cent.,  and  subsequent  relapses  accounted  for 
another  0.1  per  cent,  of  deaths.  During  the  same  season  and  in  the 
same  districts  where  the  vaccine  had  been  tried,  the  mortality  from 
natural  bluetongue  in  non-vaccinated  flocks  amounted  to  11  per  cent. 

Since  then  the  vaccine  has  been  used  on  a large  scale  and  up  to 
the  end  of  1928  more  than  25  million  doses  had  been  issued. 

The  vaccine  issued  during  all  these  years  was  made  from  the 
same  strain  which  was  used  in  Theiler’s  experiment  in  1906.  Past 
year  the  strain  had  reached  the  54th  generation. 

It  has  been  felt  for  some  years  that  there  was  a distinct  danger 
that  the  vaccine  might  become  weaker  and  weaker  and  ultimately 
lose  its  power  of  protecting  sheep.  This  possibility  seemed  all  the 
more  likely  since  the  attenuation  of  the  originally  virulent  strain 
proceeded  so  rapidly;  within  ten  generations  the  virus  had  lost  its 
power  to  kill.  In  view  of  this  rapid  attenuation,  it  seemed  rather 
remarkable  that  the  vaccine  should  have  remained  so  constant  during 
all  those  years. 

Although  the  vaccine  has  continued  to  give  satisfactory  results, 
it  was  considered  advisable  to  start  a new  strain,  and  to  attempt  the 
attenuation  in  the  same  way  as  that  which  led  to  so  satisfactory  a 
result  in  1906. 
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The  strain  selected  was  obtained  from  a natural  fatal  case  of 
bluetongue  which  occurred  in  a lamb  (No.  1 (>016)  at  Onderstepoort 
in  February,  1927. 

E X P E R I M E X T . ( 8 . 2992 . ) 

Object. — To  attenuate  a virulent  strain  of  bluetongue  virus  with 
the  object  of  producing  bluetongue  vaccine  with  the  attenuated  virus. 

Method. — The  strain  was  simply  passed  through  a large  number 
of  generations  of  sheep.  Usually  two  sheep  were  used  in  each  genera- 
tion and  from  the  better  reactor  of  the  two,  two  further  sheep  were 
inoculated.  The  subcutaneous  method  of  inoculation  was  employed 
and  the  dose  given  was  1 c.c. 

Results. — For  convenience  the  results  may  be  tabulated  in  the 
following  way  : — 


Gene- 

ration 

Date  of 

Sub-inoculation. 

No.  of 
Sheep. 

Temperature 

Reactions. 

Deaths. 

1 

— 

Lamb 

16016 

Positive 

Died  of  bluetongue. 

2 

25/2/1927 

2 Sheep. 

Both  Positive .... 

One  died  of  heart  failure. 

3 

7/3/1927 

2 

,,  ,, 

Both  died  of  bluetongue. 

4 

23/3/1927 

2 

No  death. 

5 

4/4/1927 

2 

— 

6 

14/4/1927 

2 

,,  >> 

— 

7 

10/5/1927 

2 

,,  ,, 

— 

8 

19/5/1927 

2 

„ ,, 

— 

9 

28/5/1927 

2 

,,  ,, 

— 

10 

8/6/1927 

2 

,, 

— 

11 

20/6/1927 

2 

,,  ,, 

( )ne  died  of  bluetongue. 

12 

2/7/1927 

4 „ 

All  Positive 

— 

13 

11/7/1927 

4 

,,  ,, 

— 

14 

26/7/1927 

2 

Both  Positive. . . . 

— 

15 

30/7/1927 

2 

„ ,, 

— 

16 

17/8/1927 

i 

Positive 

— 

17 

26/8/1927 

2 

Both  Positive 

One  died  of  gangrenous  proctitis. 

18 

7/9/1927 

2 

,,  ,, 

One  died  of  heartwater. 

19 

17/9/1927 

3 „ 

All  Positive 

— 

20 

30/9/1927 

4 „ 

3 Positive 

( )ne  died  of  worm  infection. 

21 

26/10/1927 

4 „ 

3 „ 

— 

22 

10/11/1927 

4 „ 

All  Positive 

— 

23 

21/11/1927 

4 

,,  ,, 

One  died  of  heartwater. 

24 

30/11/1927 

2 

Both  Positive. . . . 

— 

25 

9/12/1927 

2 

,,  ,, 

— 

26 

18/12/1927 

2 

,,  ,, 

— 

27 

27/12/1927 

2 

— 

28 

5/1/1928 

2 

,,  ,, 

— 

29 

14/1/1928 

2 

,,  „ 

— 

30 

23/1/1928 

2 

— 

31 

1/2/1928 

2 

,,  ,, 

— 

32 

10/2/1928 

2 

— 

33 

18/2/1928 

2 

,,  „ 

— 

34 

27/2/1928 

2 

— 

35 

7/3/1928 

2 

— 

36 

16/3/1928 

2 

,,  ,, 

— 

37 

24/3/1928 

2 

,, 

— 

38 

2/4/1928 

2 

„ ,, 

— 

39 

12/4/1928 

2 

,,  ,, 

— 

40 

21/4/1928 

2 

— 

41 

30/4/1928 

2 
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It  will  be  observed  that  deaths  from  bluetongue  occurred  in  the 
1st,  3rd,  and  lltli  generation.  Whether  the  death  of  one  of  the 
sheep  in  the  second  generation  on  the  fourth  day  after  inoculation 
can  be  ascribed  to  bluetongue  is  doubtful.  From  the  12th  to  the 
41st  generation  there  was  no  mortality  from  bluetongue;  the  few 
deaths  that  occurred  in  the  inoculated  sheep  were  definitely  due  to 
other  causes. 

Conclusion. — The  attenuation  in  this  case  proceeded  in  almost 
exactly  the  same  way  as  in  Theiler’s  experiment  of  1906.  There,  the 
last  death  from  bluetongue  was  recorded  in  the  10th  generation,  here 
in  the  lltli. 

The  number  of  sheep  used  in  our  experiment  is  too  small  to 
allow  us  to  calculate  the  percentage  mortality  and  compare  it  with 
the  mortality  in  Theiler’s  experiment.  Nevertheless,  the  four  deaths 
from  bluetongue  out  of  21  sheep  used  in  the  first  11  generations  would 
seem  to  indicate  that  the  virulence  of  the  strain  was  not  very  different 
from  that  selected  by  Theiler,  where  10  sheep  died  out  of  93. 

Immunity  Test.  (S.  3589.) 

In  order  to  get  an  indication  whether  this  strain  would  be  suit- 
able for  vaccine  purposes,  a batch  of  25  sheep  were  inoculated  with 
blood  obtained  from  a sheep  in  the  33rd  generation.  The  inoculated 
sheep  all  gave  typical  temperature  reactions  without  any  clinical 
symptoms.  They  were  bled,  in  the  usual  way,  on  the  9th  day  after 
inoculation  and  a batch  of  vaccine  (No.  582)  was  prepared  from  this 
blood. 

Three  months  after  bleeding,  these  25  sheep  were  tested  for 
immunity.  About  half  of  them  were  injected  each  with  1 c.c.  of  their 
own  vaccine  strain  (Batch  582),  and  the  other  half  with  a fairly 
virulent  strain  (No.  16357).  All  the  sheep  remained  negative, 
although  the  control  sheep  gave  good  reactions. 

Conclusion . — We  conclude  that  the  attenuated  strain  conferred 
an  immunity  on  these  25  sheep  which  remained  “solid”  for  three 
months. 

The  results  obtained  in  the  two  foregoing  experiments  seemed  to 
be  entirely  satisfactory.  The  virus  had  been  attenuated  to  such  an 
extent  that  no  mortality  occurred  after  the  lltli  generation,  and  the 
immunity  conferred  by  this  attenuated  strain  was  sufficiently  strong. 
It  was  decided,  therefore,  to  proceed  with  the  preparation  of  vaccine 
from  this  strain. 

The  41st  generation  of  virus  was  used  and  10  batches  of  vaccine 
(606-615)  were  prepared  from  it.  Altogether  250  sheep  were  injected 
in  the  course  of  this  preparation,  with  entirely  satisfactory  results. 
The  temperature  reactions  were  typical  and  not  too  severe,  and  no 
other  clinical  symptoms  or  deaths  from  bluetongue  were  observed  in 
any  of  the  sheep. 

These  250  sheep  yielded  over  400,000  doses  of  bluetongue  vaccine 
which  were  issued  and  used  during  the  1928-1929  season.  No  un- 
toward results  were  reported,  so  that  it  would  definitely  seem  tha-i 
the  new  vaccine  is  as  satisfactory  as  (lie  old  vaccine  had  been  during 
the  last  20  years. 
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II.  DILUTION  AND  PRESERVATION  OF  THE  VIRUS 
(VACCINE). 

In  the  course  of  Theiler’s  work  on  bluetongue,  it  was  found  thaf 
the  virus,  whether  attenuated  or  not,  could  he  preserved  for  a very 
long  time  in  the  following  mixture:  — 

500  c.c.  glycerine. 

500  c.c.  distilled  water. 

5 grains  potassium  oxalate. 

5 grams  carbolic  acid. 

This  mixture  is  made  up  in  bulk  and  filled  into  vessels,  and 
the  blood  containing  the  virus  is  then  added  in  equal  quantity  to 
this  liquid.  Hence  the  resulting  mixture  contains  approximately 
50  per  cent,  blood,  25  per  cent,  glycerine,  } per  cent,  potassium 
oxalate,  and  j-  per  cent,  carbolic  acid. 

For  the  last  20  years  the  routine  method  of  preparing  blue- 
tongue vaccine  has  been  as  follows:  700  c.c.  of  the  above  glycerine 
mixture  is  filled  into  fairly  large  Erlenmeyer  flasks  and  the  flasks 
sterilized.  On  the  9th  day  after  inoculation  the  vaccine  sheep  are 
hied,  and  700  c.c.  blood  is  run  direct  from  the  jugular  vein  of  each 
sheep  into  the  700  c.c.  glycerine  mixture.  As  stated  above,  this 
procedure  has  yielded  entirely  satisfactory  results  for  the  last  20 
years.  In  a subsequent  section  it  will  be  shown  that  the  virus  will 
“ keep  ” in  this  mixture  for  a dozen  years  and  more. 

In  1925  the  question  was  tirst  raised  whether  Hie  vaccine  sheep 
could  not  be  utilized  to  greater  economic  advantage.  This  could  he 
done  either  by  reducing  the  dose  of  vaccine  or  by  diluting  the  blood 
further  and  keeping  the  dose  per  sheep  at  1 c.c. 

The  former  alternative  was  rejected,  because  it  has  been  found 
by  experience  that  the  ordinary  farmer  cannot  inject  a quantity 
smaller  than  1 c.c.  with  any  degree  of  accuracy.  Hence  the  second 
alternative  was  tried  and  a number  of  experiments  carried  out. 

Object  of  the  E.r  peri  meats, — To  determine  whether  the  blood  of 
bluetongue  vaccine  sh.ee]>  which  has  been  diluted  more  than  50  per 
cent,  will  be  satisfactory  for  vaccine  purposes. 

Method  of  Expert  mentation . — In  the  initial  tests  the  glycerine 
mixture  described  above  was  used,  and  blood  added  to  il  in  the  pro- 
portion of  one  part  of  blood  to  two  parts  or  even  three  parts  of 
glycerine  mixture.  This  meant  that  if  700  c.c.  of  blood  was  taken 
from  one  sheep  the  final  mixture  would  contain  2,100  or  2,800  c.c. 
vaccine,  instead  of  1,400  c.c.  as  was  previously  the  case. 

EXPERIMENT  1.  (8.  2548.) 

According  to  this  method  small  experimental  quantities  of 
vaccine  were  prepared  as  follows:  — 

Batch  13802,  dilution  1 :2,  October,  192o. 

Batch  457.  dilution  1:3,  September,  1925. 

This  vaccine  was  tested  in  May,  1920,  when  batch  13,802  was 
seven  months  and  batch  457  was  eight  months  old. 
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Result. — Batch  13802  was  injected  into  10  sheep.  Of  these  only 
three  gave  good  temperature  reactions,  whereas  the  other  seven 
remained  negative. 

Batch  457  was  also  tested  on  10  sheep.  Six  reacted  and  four 
remained  negative. 

Conclusion. — It  was  thought  at  the  time  that  the  sheep  used  in 
this  experiment  may  have  been  partly  immune  against  hluetongue, 
and  therefore  the  comparatively  small  percentage  of  reactors  was  not 
regarded  as  very  significant. 


Immunity  Test.  (S.  2580.) 

At  the  conclusion  of  the  above  experiment  the  immunity  of  these 
20  sheep  was  tested  with  the  ordinary  vaccine  strain  (batch  12773, 
prepared  in  October,  1925).  One  c.c.  of  vaccine  was  injected  into 
each  of  these  sheep  as  well  as  into  five  controls. 

Result. — None  of  the  20  immunized  sheep  reacted,  and  of  the 
five  control  sheep  two  reacted  and  three  remained  negative. 


Conclusion . — This  result  was  again  unsatisfactory.  The  fact  that 
only  two  out  of  five  control  sheep  reacted  was  again  explained  on 
the  assumption  that  some  of  the  available  sheep  were  immune  against 
hluetongue,  but  in  the  light  of  subsequent  results  this  assumption  may 
not  have  been  entirely  justified. 


Nevertheless  the  conclusion  was  drawn  from  the  above  results 
that  the  diluted  vaccine  (1:2  and  1:3)  was  active  after  seven  and 
eight  months  respectively  and  that  it  had  conferred  immunity  on  the 
sheep. 

Accordingly  more  vaccine  was  prepared  in  this  way  and  issued 
for  use  in  the  field  during  the  3 92(4-1 927  hluetongue  season. 

The  results  were  not  entirely  satisfactory  and  various  complaints 
were  received  of  cases  where  the  vaccine  apparently  failed  to  give 
sufficient  immunity. 

In  looking  for  an  explanation  for  these  failures,  the  fact  was 
considered  that  the  diluted  vaccine  contained  a higher  percentage  of 
glycerine  (and  carbolic  acid)  than  the  original  mixture.  In  the 
vaccine,  as  originally  prepared,  the  percentages  were  roughly  as 
follows  : — 


Whereas, 
follows  : — 


Blood 50  per  cent. 

Glycerine  25  per  cent. 

Carbolic  acid  j per  cent. 

Water  25  per  cent. 


in  the  dilution  1:2  the  percentages  work  out  as 


Blood 33  per  cent. 

Glycerine  33  per  cent. 

Carbolic  acid  ;!j  per  cent. 

Water  33  per  cent. 


and  in  the  dilution  1 :3:  — 

Blood 

Glycerine  ... 
Carbolic  acid 
Water  


25  per  cent. 
■57  per  cent. 
$ per  cent. 
!7  per  cent. 
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It  seemed  not  unlikely  that  the  higher  percentage  of  glycerine 
(83  or  37  as  compared  with  25)  or  possibly  of  carbolic  acid  (J^rd  or 
fibs  as  compared  with  j)  would  have  a deleterious  effect  on  the 
vaccine,  either  as  regards  its  keeping  qualities  or  its  immunizing 
properties.  To  test  this  point  a further  experiment  was  undertaken. 

EXPERIMENT  2.  (S.  3018.) 

Object. — To  determine  the  effect,  if  any,  of  the  concentration  of 
glycerine  and  carbolic  acid  on  the  keeping  and  immunizing 
properties  of  bluetongue  vaccine. 

Method. — Five  groups  of  sheep  were  injected  us  follows:  — 

(1)  Four  sheep  with  vaccine  1:3,  age  1 day. 

(2)  Five  sheep  with  vaccine  1:3,  age  5 Jr  months. 

(3)  Five  sheep  with  vaccine  1:3,  age  7 months. 

(4)  Five  sheep  with  vaccine  1:2,  age  7 months. 

(5)  Five  sheep  with  vaccine  1:1,  age  17  months. 

Result. — The  five  groups  reacted  as  follows:  — 

(1)  All  four  sheep  positive. 

(2)  Two  good  reactions,  two  slight  reactions,  and  one  doubtful. 

(3)  One  slight  reaction,  the  other  four  very  doubtful. 

(4)  One  slight  reaction,  the  other  four  doubtful. 

(5)  All  five  good  reactions. 

Conclusion. — Only  the  mixture  1:1  and  the  freshly  prepared 
dilution  1:3  gave  reliable  results.  Of  the  diluted  mixtures  the  five 
and  a half  months  old  dilution  of  1:3  gave  the  best  results.  The 
same  dilution  when  seven  months  old  seemed  to  he  very  much 
weaker.  Also  the  dilution  1:2  appeared  to  he  very  weak  after  seven 
months. 

The  immunity  of  all  these  sheep  was  thereupon  tested. 
EXPERIMENT  3.  (S.  8083.) 

Object. — To  test  the  immunity  of  sheep  which,  in  Experiment  2, 
had  been  injected  with  various  dilutions  of  vaccine. 

Method. — For  this  test  a fairly  virulent  strain  of  bluetongue 
virus  (10188)  was  used,  and  every  sheep  received  1 c.e.  subcutaneous- 
ly. Two  control  sheep  were  added. 

Results. — For  convenience  the  results  of  Experiments  2 and  3 
have  been  summarized  in  tabular  form  : — 


Sheep 

No. 

Experiment  2. 
Injected  with. 

Experiment  3. 
Immunity  Test. 

Vaccine. 

Dilution 

Age. 

Result. 

Virus. 

Result. 

16191 

510 

1 : 3 

1 day 

Slight  reaction.  . . 

16188 

Negative. 

16192 

510 

1 : 3 

1 day 

Good  reaction..  . . 

16188 

Negative. 

16193 

510 

1 : 3 

1 day 

Slight  reaction. . . 

16188 

Negative. 

16194 

510 

1 : 3 

1 day 

Slight  reaction.  . . 

16188 

Negative. 
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.Sheep 

No. 

Experiment  2. 
Injected  with. 

Experiment  3. 
Immunity  Test. 

Vaccine. 

Dilution. 

Age. 

Result. 

Virus. 

Result. 

1634(5 

49(5 

1 

3 

5.1  months 

Good  reaction.... 

16188 

Doubtful  reaction. 

1(5347 

49(5 

1 

3 

5£  months 

Doubtful  reaction. 

16188 

Good  reaction. 

16348 

49(5 

1 

3 

51  months 

Slight  reaction. . . 

1(5188 

Doubtful  reaction. 

1(5341) 

49(5 

1 

3 

5 J months 

Good  reaction..  . . 

16188 

Negative. 

1(5350 

496 

l 

3 

51  months 

Slight  reaction.  . . 

16188 

Negative. 

16341 

479 

1 

3 

7 months. . 

Doubtful  reaction 

16188 

Good  reaction. 

1(5342 

479 

1 

3 

7 months. . 

Doubtful  reaction 

16188 

Good  reaction. 

1(5343 

479 

l 

3 

7 months. . 

Slight  reaction.  . . 

16188 

Good  reaction. 

1(5344 

479 

1 

3 

7 months. . 

Doubtful  reaction 

16188 

Good  reaction. 

1(5345 

479 

1 

3 

7 months. . 

Doubtful  reaction 

■ 1(5188 

Good  reaction. 

1(533(5 

47(5 

1 

2 

7 months. . 

Slight  reaction. . . 

16188 

Good  reaction. 

1(5337 

476 

1 

2 

7 months. . 

Doubtful  reaction 

16188 

Negative. 

16338 

476 

1 

2 

7 months. . 

Doubtful  reaction 

16188 

Good  reaction. 

16339 

47(5 

1 

_2 

7 months. . 

Doubtful  reaction 

16188 

Good  reaction. 

16340 

47(5 

1 

2 

7 months. . 

Doubtful  reaction 

1(5188 

Negative. 

16331 

475 

1 

i 

17  months 

Good  reaction..  . . 

16188 

Negative. 

1(5332 

475 

1 

i 

17  months 

Good  reaction..  . . 

1(5188 

Negative. 

1(5333 

475 

1 

i 

17  months 

Good  reaction..  . . 

1(5188 

Negative. 

16334 

475 

1 

i 

17  months 

Good  reaction..  . . 

16188 

Negative. 

16335 

475 

1 

i 

17  months 

Good  reaction. . . . 

16188 

Negative. 

1*5185 

Control 





16188 

Good  reaction. 

1(518(5 

Control 

— 

1(5188 

Good  reaction. 

. 

Conclusions.— The  above  table  shows  clearly  that  the  dilutions 
1:3  and  1:2,  when  kept  for  a period  of  seven  months,  failed  in  the 
majority  of  cases,  to  protect  sheep  against  bluetongue.  Of  the  10 
sheep  injected  with  such  vaccine,  only  two  proved  to  be  immune 
when  tested  with  a virulent  strain. 

Diluted  vaccine  (1  :3)  when  kept  for  five  and  a half  months,  was 
found  to  be  somewhat  better.  Four  out  of  the  five  sheep  were  immune; 
only  one  which  gave  a doubtful  reaction  when  vaccinated,  reacted 
again  when  tested  with  the  virulent  strain. 

The  fact  that  the  freshly  prepared  dilution  1 :3  protected  all  the 
sheep  shows  clearly  that  the  failure  of  so  many  of  the  sheep,  which 
were  vaccinated  with  the  older  dilutions,  to  react,  is  not  due  to  the 
smaller  quantity  of  blood  which  those  sheep  received,  but  rather  to  a 
deterioration  of  the  virus  when  kept  in  that  mixture. 

The  dilution  1:1,  even  though  it  had  been  kept  for  IT  months 
protected  all  five  sheep.  This  is  in  accordance  with  the  experience  ot 
20  years. 

The  two  control  sheep  reacted  normally. 

From  these  results  we  may  conclude  that  bluetonfjue  vaccine 
when  prepared  accord  ini)  to  the  prescription  ijircn  on  page  82  for 
the  dilutions  1:2  and  1:3  will  deteriorate  within  sir  months  and 
will  fail  to  immunize  sheep. 
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As  soon  as  the  above  information  had  been  obtained  from  the 
experiments,  the  method  of  preparing  the  bluetongue  vaccine  was 
altered. 

The  dilution  of  the  blood  (one  part  blood  to  two  parts  of  other 
ingredients)  was  maintained  for  reasons  of  economy,  but  the  prescrip- 
tion was  so  altered  that  the  final  mixture  contained  the  same 
percentage  of  glycerine,  • carbolic  acid,  and  potassium  oxalate  as  in 
the  original  prescription.  In  other  words,  only  the  amount  of  water 
was  increased. 

The  prescription,  then,  which  was  used  for  the  preparation  of  the 
vaccine  in  1927  and  1928  reads  as  follows:  — 

Blood 33  per  cent. 

Glycerine  25  per  cent. 

Water  41  per  cent. 

Potassium  oxalate  ...  j per  cent. 

Carbolic  acid  j per  cent. 

In  making  up  the  glycerine  mixture  in  bulk,  the  same  relative 
quantities  of'  the  ingredients  are  taken  as  was  done  previously, 
viz.  : — 

Glycerine ">00  c.c. 

Potassium  oxalate  5 grams 

Carbolic  acid 5 grams 

but,  instead  of  adding  500  c.c.  water,  833  c.c.  are  added. 

In  preparing  the  vaccine  1,400  c.c.  of  this  mixture  are  filled 
into  the  Erlenmeyer  flasks  and  700  c.c.  blood  then  added. 

I accine  prepared  in  this  way  has  been  tested  after  10  months 
(S.  3044)  and  found  to  he  entirely  satisfactory . 

An  immunity  test  was  also  carried  out  with  sheep  vaccinated 
with  such  diluted  vaccine  (Exp.  S.  2548).  Twenty  sheep  were 
vaccinated  and  tested  three  months  later  with  a virulent  strain. 
Xot  one  of  the  sheep  reacted  although  the  control  sheep  gave  good 
reactions.  The  immunity  was  thus  “solid”  after  three  months. 

During  the  1927-28  and  1928-29  bluetongue  seasons  more  than 
five  million  doses  of  vaccine  prepared  in  this  way,  have  been  issued, 
and  the  results  have  been  uniformly  good. 

W e have,  therefore,  every  justification  to  conclude  that  this 
alteration  in  the  composition  has  not  detracted  from  the  value  of  the 
vaccine. 

That  this  change  has  resulted  in  great  economy,  is  obvious. 
Previously  only  1,400  c.c.  of  vaccine  was  obtained  from  one  sheep, 
whereas  we  now  obtain  2,100  c.c. 

III.  RESISTANCE  OF  THE  VIRUS  (VACCINE). 

Bluetongue  has  this  property  in  common  with  horse-sickness, 
that  its  virus  is  extremely  resistant.  Even  in  decomposed  blood  the 
virus  will  remain  active  for  a long  period  (one  to  two  years)  and  in 
the  glycerine-potassium-oxalate-carbolic  acid  mixture  it  will  keep  for 
several  years. 

in  June,  1928,  some  unused  bluetongue  vaccine  was  returned  to 
the  Laboratory  by  the  Government  Veterinary  Officer  of  Dundee, 
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;i  1 ;i  1 . The  vaccine  had  been  kept  in  an  ordinary  office,  with  no 
cold  storage  or  other  facilities.  Among  tins  vaccine  was  one  bottle 
"Inch  had  been  issued  on  (In*  l!Mh  October,  1!)17,  and  another  issued 
on  the  ‘Jkhid  December,  1 he  former  bottle  was  therefore, 

about  10A  years  old,  the  latter  about  ISA  years. 

It  was  considered  of  sufficient  interest  to  carry  out  a test  with 
this  old  vaccine,  to  determine  whether  the  virus  was  still  active  or 
not . 

EXP  I'd;  I M It  NT  1.  (S.  d;V.Ji;.) 

Object.  To  determine  whether  vaccine  that  had  been  kept  for 
10A  years  was  still  active. 

Method .—  The  usual  dose  of  1 e.e.  was  injected  subcutaneously 
into  three  susceptible  sheep. 

/Jesuit.-  < hie  slieej)  gave  a good  temperature  reaction,  the  second 
a slight  reaction,  and  the  third  a somewhat  doubtful  reaction. 

These  three  sheep  were  thereupon  tested  for  immunity  with  a 
fairly  virulent  strain  of  bluetongue  virus.  The  first  two  slice]) 
remained  negative  while  the  third  reacted. 

Conclusion. — The  10A-  years  old  vaccine  produced  a reaction  on 
two  out  of  three  sheep  and  these  two  proved  to  be  immune  when  tested 
aft  erwa  ids. 

EXPERIMENT  2. 

(thject. — To  determine  whether  vaccine  which  had  been  kept  for 
ISA  years  was  still  active. 

Method. — The  vaccine  was  again  injected  into  susceptible  slice]). 
In  view  of  the  greater  interest  attached  to  this  very  old  vaccine  and 
ihe  doubtful  nature  of  some  of  the  reactions,  a larger  number  of  sheep 
was  used.  In  many  cases  sub-inoculations  were  again  made  from 
these  sheep  into  further  susceptible  slice});  and  in  the  majority  of 
cases  the  immunity  of  the  sheep  was  tested  afterwards. 

/Jesuits. — For  greater  convenience  the  results  are  again  given  in 
tabular  form.  Those  of  Experiment  1 have  been  included. 


Age 

of 

Vaccine. 

Injected 

into 

Blood 

sub- 

inoculated 

Result. 

Immunity  Test. 

Exp. 

Sheep 

No. 

into 

Sheep 

No. 

Virus 

Result. 

1 

1 0>  years 

2150(5 

Reaction 

L><  >< )( >2 

Negative. 

21474 

Slight  reaction.  . . 

21  >002 

Negative. 

2149(5 

Doubtful  reaction 

20(  102 

Posit  ive. 

2 

ISA  years 

19144 

Reaction 

1(5357 

React  ion. 

1927S 

Doubtful  mild 
reaction 

1(5357 

Negative. 

19320 

Reaction 

1(5357 

Negat  ive. 
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Exp. 

Age 

of 

Vaccine. 

Injected 

into 

Sheep 

No. 

Blood 

sub- 

inoculated 

into 

Sheep  No. 

Result. 

Immunity  Test. 

Virus. 

Result. 

20954 

20901 

- 

Slight  reaction.  . . 

20999 

Late  temperature 
reaction. 

20988 

Probably  negative 

- 

— 

- 

Slight  reaction.  . . 

— 

— 

— 

21002 

Slight  reaction.  . . 

— 

— 

20975 

— 

Slight  reaction.  . . 

- 

— 

- 

20989 

Reaction 

- 

— 

21450 

— 

Slight  reaction.  . . 

20999 

Slight  reaction. 

— 

21070  ! Slight  reaction.  . . 

20999 

Reaction. 

— 

21082 

Late  reaction .... 

20999 

Reaction. 

21473 

Doubtful  mild 
reaction 

20999 

Reaction. 

21475 

— 

Doubtful  mild 
reaction 

20999 

Reaction. 

21494 

— 

Slight  reaction.  . . 

20999 

Slight  reaction. 

- 

21005 

Probably  negative 

20999 

Reaction. 

— 

21097 

Late  reaction .... 

20999 

Reaction. 

21500 

— 

Reaction 

20999 

Reaction. 

- 

21114 

No  reaction 

20999 

Reaction. 

— 

21141 

No  reaction 

20999 

Reaction. 

It  will  be  seen  that  altogether  11  sheep  were  injected  with  the 
18 2 years  old  vaccine.  Of  these  eight  gave  definite  reactions;  and 
only  in  three  cases  were  the  reactions  rather  doubtful.  Where  sub- 
inoculations were  carried  out  the  diagnosis  could,  in  the  majority  of 
cases,  be  confirmed,  although  in  some  cases  (see,  for  instance,  sheep 
21560,  which  was  sub-inoculated  into  21114  and  21141)  the  results 
differed. 

It  will  also  be  noticed  that  almost  in  every  case  where  an 
immunity  test  was  carried  out,  a positive  reaction  was  obtained,  even 
though  the  slice])  might  have  given  a reaction  with  the  old  vaccine 
previously.  This  was  not  to  be  wondered  at.  We  know  that  the 
immunity  against  bluetongue  is  not  absolute,  and  that  it  can  be 
broken  down  either  by  using  large  quantities  of  the  same  virus  or 
by  using  a different  strain  of  virus.  Here  the  sheep  were  first  treated 
with  an  old,  obviously  weakened,  vaccine,  and  then  with  a rather 
virulent  strain  of  virus.  It  was  only  to  be  expected  therefore,  that 
these  sheep  would  react  again  to  the  latter  virus. 
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( 'on 1 1 »a i- i n ”•  the  results  of  Experiment  I and  2,  one  gains  the 
impression  that  the  reactions  obtained  in  the  former  were  more 
definite,  and  that  the  immunity  produced  by  the  HP  years  old 
vaccine  was  stronger  Ilian  in  Experiment  2. 

('(inclusion.  Bluetongue  vaccine  which  had  been  kept  for  1 8 A 
years  was  still  able  to  produce  reactions  in  Ihe  majority  of  sheep, 
although  the  immunity  conferred  by  this  vaccine  seemed  to  be  very 
wea  k . 

IV.  PERSISTENCE  OF  THE  VIRUS  IN  RECOVERED 
ANIMALS. 

In  I lie  course  of  Theiler’s  work  on  bluetongue  the  question  often 
arose,  liotr  docs  llic  rirns  snrcirc  from  one  season  to  the  ne.rtY  If 
the  disease  is  insect-borne,  as  we  believe  it  is,  where  do  the  insects 
find  tin  infection  at  the  hci/i n n i nij  of  a new  season  ? 

The  " bluetongue  season  ” is  usually  very  limited  and  corres- 
ponds, generally  speaking,  with  the  rainy  season.  Cases  of  blue- 
tongue are  seldom,  if  ever,  encountered  before  October  or  November, 
and  the  disease  disappears  in  April,  rarely  as  late  as  May.  The 
difficulty  is  to  bridge  over  the  period  May  to  October. 

’['here  is  the  possibility  of  the  infected  transmitting1  agent 
hibernating  during  this  period:  but  most  of  the  mosquitoes  upon  which 
suspicion  rests,  are  shortlived,  and  there  is  no  evidence  in  favour  of 
such  a view. 

If  sheep  had  been  chronic  carriers  of  the  disease  there  would 
have  been  no  difficulty  in  explaining  the  reappearance  of  the  disease 
at  the  beginning  of  the  next  season,  but  this  is  not  the  case.  Theiler 
(120!))  came  to  the  conclusion  that  “ immune  animals  do  not  retain 
the  infection  in  the  lilood." 

An  experiment  was  undertaken  to  determine  just  how  long  after 
recovery  the  virus  could  still  be  demonstrated  in  the  blood. 

EXPERIMENT  I.  (S.  Ml 20.1 

Method. — A sheep  was  selected  (1744G)  which  had  given  a good 
temperature  reaction,  and  blood  was  taken  from  this  sheep  at  intervals 
after  recovery,  and  injected  into  susceptible  sheep,  in  older  to  deter- 
mine for  how  long  such  sub-inoculations  would  produce  bluetongue 
react  ions. 

He stilts . — Sheep  1744(1  showed  a temperature  reaction  which 
lasted  from  the  4th  to  the  loth  day  after  inoculation. 

Fire  dai/s  after  reeoreri/  two  sheep  were  injected  with  blood  from 
1744(i;  both  gave  good  reactions. 

7 irel re  dans  after  recovery  one  sheep  was  injected,  which  gave  a 
mild  reaction. 

Fif/htcen  dans  after  recovery  two  sheep  were  injected;  both  gave 
mild  reactions. 

Tirent  i/- fi  re  dai/s  after  recovery  two  further  sheep  were  inocu- 
lated. I n both  cases  there  was  a slight  irregularity  in  the  temperature 
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which  went  up  to  about  104°  F.,  but  it  was  somewhat  doubtful 
whether  this  could  be  regarded  as  a bluetongue  reaction. 

rl’he  experiment  was  then  terminated  and  a new  experiment 
started. 

Conclusion. — In  the  case  of  sheep  1T446  the  virus  seems  io  have 
disappeared  about  three  weeks  after  recovery  from  bluetongue. 

EXPERIMENT  2.  (S.  3194.) 

Object. — Again  to  see  how  long  after  recovery  the  virus  of  blue- 
tongue can  be  demonstrated  in  the  blood. 

Method. — Two  sbeep  (18277  and  18285)  were  selected  which  had 
reacted  rather  severely  to  bluetongue,  and  their  blood  sub-inoculated 
into  susceptible  sheep  at  intervals. 

Results. — For  convenience  the  results  of  this  experiment  will  be 
given  in  tabular  form:  — 


♦Sheep 

No. 

Period 

of 

Reaction. 

Blood  Sub-inoculated. 

Result. 

Remarks. 

Period 

after 

Recovery. 

Into 

Sheep 

No. 

18277 

5th-13th 

4 days . . 

18285 

Good  reaction..  . . 

This  sheep  was  also 

days  after 

tested  (see  below). 

inoculation 

1 1 days. 

18280 

Good  reaction..  . . 



1 1 days . 

18287 

Good  reaction. . . . 

— 

1 8 days . 

18018 

Late  reaction .... 



18  days. 

18022 

Late  reaction .... 

— 

25  days. 

18293 

Late  reaction.  . . . 



25  days 

18297 

App.  negative..  . . 

— 

32  days. 

18010 

App.  negative.... 

— 

32  days. 

18295 

App.  negative..  . . 

— 

39  days. 

18312 

App.  negative.... 

— 

39  days. 

18320 

Doubtful  reaction 

— 

58  days. 

18303 

Good  reaction..  . . 



58  days. 

18300 

Negative 

— 

05  days. 

18314 

Good  reaction..  . . 



(95  days. 

18319 

Slight  reaction.  . . 

— 

78  days. 

18335 

Doubtful  reaction 



78  days. 

18720 

Probably  negative 

— 

87  days. 

18729 

Irregular  temp. 

Reacted  again  on  being 

reaction 

tested  for  immunity 

87  days. 

18730 

Probably  negative 

Reacted  again  on  being 

tested  for  immunity 

109  days 

18751 

Late  reaction .... 

Slight  reaction  on  being 

tested  for  immunity 

109  days 

18753 

Late  reaction .... 

Slight  reaction  on  being 

tested  for  immunity. 
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Period 

Blood  Sub- 

inoculated. 

Sheep 

No. 

Reaction. 

Period 

after 

Into 

Sheep 

Result. 

Remarks. 

Recovery. 

No. 

129  days 

18766 

Slight  reaction.  . . 

Slight  reaction  on  being 

tested  for  immunity. 

129  days 

1 8767 

Doubtful  reaction 

Good  reaction  on  being 

tested  for  immunity. 

149  days 

19208 

Negative 

Good  reaction  on  being 

tested  for  immunity. 

149  days 

19242 

Negative 

Doubtful  reaction  on 

being  tested. 

18285 

4th- 11  tli 

4 days.  . 

18290 

Good  reaction..  . . 



days 

4 days . . 

18291 

Good  reaction..  . . 

— 

1 1 days . 

18298 

Died  of  peritonitis 

— 

1 1 days 

18299 

Reaction 

— 

18  days. 

18300 

Reaction 

Sub-inoculation  also  pro- 

duced  reaction. 

18  days. 

18304 

Reaction 

— 

25  days. 

18321 

Late  reaction .... 



25  days. 

18326 

Late  reaction .... 

— 

32  days. 

18021 

Late  reaction. . . . 



32  days. 

18289 

Late  reaction.  . . . 

— 

44  days. 

18307 

Good  reaction..  . . 



44  days. 

18317 

Reaction 

— 

52  days. 

18311 

Probably  negative 

— 

52  days. 

18313 

Slight  reaction. . . 

— 

64  days. 

18324 

Probably  negative 

— 

64  days. 

18333 

Negative 

— 

73  days. 

18731 

Reaction 

No  reaction  on  being 

18732 

Late  reaction .... 

tested  for  immunity. 
Good  reaction  on  being 

tested  for  immunity. 
Sub-inoculation  from 

1 8732  produced  a 
reaction  in  one  out  of 
2 sheep. 

95  days. 

18754 

Slight  reaction. . . 

Slight  reaction  on  being 

tested  for  immunity. 

95  days. 

18755 

Slight  reaction.  . . 

Slight  reaction  on  being 

tested  for  immunity. 

115  days 

18768 

Slight  reaction. . . 

Reaction  on  being 

tested  for  immunity. 

115  days 

1 8769 

Slight  reaction.  . . 

Sub-inoculations  into  2 

sheep  also  produced 
slight  reactions. 

135  days 

1 9209 

Negative 

Mild  reaction  on  being 

19218 

Very  late  doubtful 

tested  for  immunity. 
Good  reaction  on  being 

reaction 

tested  for  immunity. 
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These  results  are  not  altogether  clear.  The  sub-inoculations  from 
sheep  18277  produced  positive  reactions  until  about  25  days  after 
its  recovery.  Then  followed  a period  during  which  no  reactions 
could  be.  obtained;  this  period  lasted  till  the  39th  day.  After  that, 
on  the  58th  and  GGtli  days,  definite  reactions  were  again  obtained. 
The  results  obtained  from  the  following  sub-inoculations  were  again 
rather  doubtful,  but  then,  on  the  109th  and  129th  days  after  the 
recovery  of  sheep  18277,  its  blood  again  produced  fairly  definite 
reactions  in  susceptible  sheep.  The  fact  that  these  sheep,  on  being 
tested  for  immunity,  again  reacted,  does  not  prove  that  the  first 
reactions  were  not  bluetongue,  since  we  know  that  the  immunity  in 
this  disease  is  by  no  means  absolute.  The  last  sub-inoculation  from 
sheep  18277  on  the  149th  day  gave  no  reactions. 

The  results  obtained  with  the  blood  of  sheep  18285  were,  on  the 
whole,  more  definite  than  those  just  discussed.  The  sub-inoculations 
on  the  4th,  11th,  18tli,  25th,  32nd,  and  44th  days  all  gave  positive 
results.  Then  followed  a period  (52nd  and  64th  days)  during  which 
no  reactions,  or  only  very  slight  reactions  could  be  obtained;  and 
then  again  for  a fairly  long  period  (73rd,  95th,  and  115th  days)  very 
definite  temperature  reactions  were  produced.  The  last  sub-inocula- 
tion on  the  135th  day  failed  to  produce  definite  bluetongue  reactions. 

Discussion  of  Results. 

From  these  results  it  would  appear  that  the  virus  of  bluetongue 
may  be  present  in  the  blood  of  recovered  sheep  for  a fairly  long 
period — say  about  four  months.  It  would  also  appear  that  during 
this  period  there  may  be  intervals  duiing  which  the  virus  cannot  be 
demonstrated  in  t lie  blood.  In  the  case  of  sheep  18277  there  were 
two  such  intervals,  about  one  month  and  about  three  months  after 
recovery;  and  in  the  case  of  sheep  18285  there  was  one  interval  after 
about  two  months. 

If  in  Experiment  l the  sub-inoculations  from  sheep  17446  had 
been  continued  for  a longer  period,  it  is  very  likely  that  the  virus 
would  again  have  appeared  at  a later  stage. 

It  is  difficult  to  account  for  this  periodicity  of  the  virus  in  the 
blood,  and  it  would  be  futile  to  speculate  on  the  probable  causes  of 
the  phenomenon.  However,  the  interesting  fact  remains  that  the 
virus  does  reappear  in  the  blood  after  an  absence.  During  the  absence 
it  must  be  present  in  some  internal  organ,  or  it  may  be  in  the  blood 
itself,  but  in  such  small  quantity  that  the  sub-inoculation  of  1 c.c. 
blood  fails  to  reproduce  the  disease.  Should  this  latter  explanation 
be  correct,  then  it  would  be  quite  conceivable  that  the  transmitting 
agent  of  bluetongue  could  infect  itself  by  sucking  such  blood;  and 
it  is  equally  conceivable  that  infection  and  transmission  may  take 
place  at  a much  later  stage  than  the  four  months  during  which  the 
virus  could  be  demonstrated. 

For  various  reasons  the  experiment  had  to  terminate  after  four 
months.  Had  it  continued  longer,  it  is  possible  that  the  virus  would 
.again  have  been  found  in  the  blood,  perhaps  after  a further  negative 
phase.  However  that  may  be,  the  experiment  has  shown  that  the 
question  asked  at  the  beginning  of  this  chapter  must  probably  be 
answered  in  this  way,  that  the  virus  of  bluetongue  survives  in  the 
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recorded  slice/)  (|)erhaps  only  in  a certain  percentage),  and  that  the 
transmitting  agent  finds  the  infection  here  at  the  beginning  of  a 
new  hi netongiie  season. 

Conclusion. — The  virus  of  bluetongue  may  he  present  in  the 
blood  of  recovered  sheep  for  a period  of  four  months,  perhaps  longer. 
During  this  period  there  may  he  intervals  when  the  presence  of  the 
virus  cannot  be  demonstrated  by  means  of  sub-inoculations  into  sus- 
ceptible sheep. 


SUMMARY  OF  CONCLUSIONS. 

1.  A virulent  strain  of  bluetongue  was  attenuated  by  passage 
through  sheep.  After  the  11th  generation  no  more  deaths  occurred. 

‘J.  The  strain  was  passed  through  41  generations  and  a vaccine 
was  then  prepared  which  seemed  to  lie  entirely  satisfactory. 

8.  For  the  preservation  of  the  virus  or  vaccine,  a mixture 
containing  about  25  per  cent,  glycerine,  { per  cent,  potassium 
oxalate,  and  j per  cent,  carbolic  acid  is  used.  If'  the  percentage  of 
these  ingredients  is  increased,  the  vaccine  will  deteriorate  and  will 
not  protect  sheep  against  bluetongue. 

4.  The  percentage  of  blood  in  the  vaccine  mixture  has  been 
reduced  from  50  per  cent,  to  83  per  cent.,  apparently  with  entirely 
satisfactory  results. 

5.  Vaccine  which  had  been  kept  for  181  years  at  ordinary  room 
temperature  was  found  to  be  active.  It  produced  temperature 
reactions  in  the  majority  of  sheep,  although  t lie  immunity  conferred 
by  it  seemed  to  be  weak. 

(i.  The  virus  of  bluetongue  may  be  present  in  the  blood  of 
recovered  sheep  for  a period  of  about  four  months  and  perhaps  longer. 
During  this  period  there  may  be  periods  when  the  presence  of  the 
virus  cannot  be  demonstrated. 
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Notes  on  Botulism  in  the  Domesticated 
Animals. 


By  E.  M.  ROBINSON,  M.R.C.V.S.,  Dr. Med. Yet.,  Senior  Veterinary 
Research  Officer. 


During  the  past  four  years  the  writer  has  been  engaged  on  research 
work  in  relationship  to  botulism  of  the  domesticated  animals.  The 
present  article  is  an  interim  summary  of  some  of  the  more  recent 
experiments  carried  out  by  the  writer,  several  others  being  still  in 
progress. 

A fairly  comprehensive  paper  by  Theiler  and  Robinson  (1927) 
summarizing  our  general  knowledge  of  botulism  in  the  domesticated 
animals,  has  recently  been  published.  Appearing  with  the  present 
article  in  this  report  of  the  Director  of  Veterinary  Services,  is  a 
paper  by  Scheuber  (1929)  on  the  distribution  of  the  spores  of  the 
lamsiekte  organism  (Clostridium  paraliotulimi  in  bo  vis)  on  a lam- 
siekte  farm.  The  article  contains  some  interesting  observations 
particularly  in  connection  with  the  distribution  in  the  soil  and  in 
the  alimentary  tracts  of  cattle. 

The  present  article  is  divided  into  five  sections  dealing  with 
different  aspects  of  the  subject.  These  are  as  follows,  and  will  lie 
discussed  in  order  : 

(1)  Experiments  with  decomposed  rats. 

(2)  Haemolytic  action  of  toxins  of  the  botulinus  type. 

(3)  Passage  of  spores  through  animals. 

(4)  Absorption  of  toxins  of  the  botulinus  type  by  normal 
tissues. 

(5)  Anatoxin  experiments. 

(1)  EXPERIMENTS  WITH  DECOMPOSED  RATS. 

In  an  article  by  Theiler  and  Robinson  (1927)  on  equine  para- 
botulism,  mention  is  made  of  the  part  played  by  rats  in  the  spread 
of  the  disease.  In  order  to  see  to  what  extent  rats  were  actually 
carriers  of  the  infection,  these  animals  were  caught  in  different  parts 
of  the  station  and  allowed  to  decompose  in  fruit  jars.  It  was  found 
that  rubber  rings  were  absolutely  necessary  on  the  jars,  as  however 
tight  the  lid  of  a jar  without  a ring  was  screwed  down,  larvae  of 
Hies,  especially  of  the  sarcophaga  type  could  gain  entrance.  A 
point  of  interest,  as  it  affects  the  incidence  of  botulism,  is  that  during 
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the  coldest  months,  May  to  August,  rats  frequently  would  not  decom- 
pose but  tended  to  mummify.  They  could  only  be  got  to  decompose 
by  putting  them  into  an  incubator  for  a day  or  two  at  first,  after 
which  decomposition  proceeded  normally. 

During  a period  from  March,  192b,  to  November,  1927,  97  rats 
were  allowed  to  decompose  in  this  manner.  Of'  these,  seven  proved 
toxic  when  material  from  their  carcasses  was  tested  on  guineapigs. 
Two  others  proved  toxic  as  well,  but  they  had  been  experimentally 
dosed  with  cultures  and  then  killed,  so  do  not  come  under  considera- 
tion. The  rats  which  proved  toxic  were  all  killed  in  February  and 
March,  1927.  This  toxicity  during  a limited  period  may  explain 
the  sporadic  occurrence  of  equine  parabotulism.  In  July,  1927, 
for  instance,  24  rats  were  killed  hut  none  proved  toxic.  The  number 
of  rats  is  too  small  to  draw  any  definite  conclusions  from,  but  can 
only  give  an  indication. 

The  method  of  testing  the  decomposed  rats  was  as  follows:  Fluid 
from  a liquefying  carcass  after  seven  to  ten  days  decomposition  was 
given  in  a dose  of  1 c.c.  to  guineapigs  by  the  mouth.  If  the  material 
proved  toxic,  it  was  subcultured  in  chopped  meat  medium  and  the 
strain  kept  for  further  study.  It  is  of  interest  to  note  that  the 
liquefaction  fluid  was  in  some  cases  toxic  but  only  gave  weakly 
toxic  cultures  in  (hopped  meat  medium.  The  flesh  of  the  carcasses, 
however,  invariably  gave  strongly  toxic  cultures.  The  explanation 
of  this  may  be  that  the  fluid  contained  only  a few  spores  of  the 
botulinus  type  which  rapidly  became  suppressed  by  the  growth 
of  other  bacteria. 

(If  the  seven  toxic  rats  it  was  only  from  three  that  cultures  w ill. 
a high  toxicity  were  able  to  be  maintained.  The  remaining  four 
gradually  lost  their  toxicity  in  subculture  and  were  finally  discarded. 
This  has  happened  with  a few  strains  of  botulinus  cultures  isolated 
from  different  sources  and  the  reason  is  apparently  that  the  botulinus 
types  can  be  suppressed  by  the  associated  bacteria  until  they  finally 
disappear.  The  three  toxic  strains  have  been  kept  going  in  sub- 
cultures for  about  eighteen  months  without  losing  their  toxicity  in  the 
least,  and  all  three  will  usually  kill  guineapigs  if  inoculated 
subcutaneously  with  .001  c.c.  of  filtrate  of  any  one  of  them. 

In  connection  with  this  infection  of  rats,  twenty-five  from  ninety 
rats  killed  in  a raid  on  the  forage  store  at  ( Inderstepoort  were  opened 
and  the  stomach  and  intestinal  contents  sown  in  culture  media. 
None  of  these  cultures  proved  toxic  subsequently. 

It  is  uncertain  how  the  carcasses  of  the  rats  which  proved  toxic 
got  infected.  Two  sources  are  possible,  one  by  the  animal’s  eating 
food  containing  spores  with  invasion  of  the  carcass  after  death  from 
the  intestine,  or  that  the  carcass  is  infected  from  the  soil  or  by  blow- 
flies, etc.,  after  death.  In  two  rats  do.„d  with  cultures  and  killed 
the  next  day,  the  carcasses  became  toxic  but  the  possibility  of  theii- 
liaving  previously  been  infected  was  not  excluded  but  was  unlikely, 
as  a number  killed  at  the  same  time  proved  non-toxic.  The  toxins 
of  the  three  rats  referred  to  are  highly  toxic  and  for  the  purpose 
of  reference  will  be  given  their  serial  numbers  from  the  jars,  i.e. 
three,  five  and  six  respectively. 


E.  M.  ROBINSON. 


By  means  of'  toxin-antitoxin  tests,  a comparison  was  made  of 
(lie  three  toxins  and  an  attempt  to  type  them.  The  following 
antitoxins  were  available  : 


(1) 

(2) 

(3) 

(4) 

(5) 
(<>) 
(7) 


(’1.  botulinnm  A 

,,  „ 11 

,,  ,,  A-B  (Burroughs,  Wellcome  A Co.). 

,,  ,,  (Rat  (i)  made  by  goat  hyperimmunization. 

,,  ,,  (D)  or  Cl.  parabot.  bovis  do. 

,,  ,,  (E)  or  Cl.  parabot.  equi  do. 

,,  ,,  (550)  made  from  a toxin  isolated  from  car- 

cass material  from  Bechuanaland  (a 
noted  lamsiekte  area). 


Test  1. 


Animal. 

Toxin. 

Antitoxin. 

Result. 

Guinea-pig 

5 M.L.D.’s 

B.  parab.  (Seddon).. . . 

3 c.c.  Cl.  bot.  (rat  (i) 

Died  in  48  hours. 

5 

('1.  ..  equi 

,,  „ 

,,  „ 

5 

,.  botul.  A 

,,  ,, 

,,  ,, 

5 

„ ,.  B 

Died  in  .36  hours. 

,, 

2 

,,  parab.  bovis 

,,  ,, 

Survived. 

,, 

5 

.,  botul.  (rat  6) 

„ „ 

,, 

5 

,,  ,,  (rat  5) 

Died  in  48  hours. 

,, 

5 

,,  „ (rat  3) 

,,  >> 

,,  „ 

’’ 

5 

„ „ (rat  6) 

No  serum  (control) 

” ” 

The  results  of  this  test  are  of  considerable  interest  and  would 
seem  to  show  that  the  toxin  of  rat  (i  and  that  of  Cl.  parabotulinum 
bovis  were  the  same.  Another  point  brought  out  is,  that  the  toxin 
of  rat  6 and  the  toxins  of  rats  5 and  3 were  different.  This 
latter  point  seemed  rather  unlikely  and  in  view  of  the  fact  that  the 
guineapigs  from  rats  3 and  5 died  overnight  without  being- 
seen  during  illness,  it  was  decided  to  repeat  the  test  with  these  toxins. 

Test  2.  r- 


Animal. 

Toxin. 

Antitoxin. 

Result. 

Guinea-pig 

5 M.L.D.’s  Cl.  parab.  (rat  6) 

3 c.c.  serum  (rat  6) 

Survived. 

5 „ „ (rat  3) 

„ „ 

! ,,  ,,  (rat  3) 

„ „ 

5 ,,  „ (rat  5) 

,,  ,, 

Died  in  48  hours. 

1 ,,  ..  (rat  5) 

,,  >» 

Survived. 

” 

5 „ „ <•) 

No  serum  (control) 

Died  in  72  hours. 

From  this  test  it  would  seem  that  the  toxin  of  rat  •>  varies 
to  some  degree  from  that  of  (i  and  -‘5.  The  writer  has  come  to 
the  conclusion  that  of  the  types  lie  has  been  dealing  with  in  carcass 
material  in  South  Africa  all  are  closely  related  as  shown  by  toxin 
antitoxin  tests,  but  that  small  variations  from  one  particular  type 
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occur.  To  confirm  Test  2,  it  was  repeated  under  very  similar  con- 
ditions with  the  same  result. 

Test  3. 


Animal. 

Toxin. 

Antitoxin. 

Result. 

Guinea-pig 

5 M.L.D.’s 
5 

toxin  (rat  6) 

,,  (rat  3) 

3 c.c.  (rat  ti) 

Survived. 

5 

,,  (rat  G) 

Control  (no  serum). 

Died  in  48  hours. 

” 

1 

(rat  6) 

” 

Died  in  6 days. 

The  results  are  essentially  the  same  as  those  obtained  in  Test  2. 
An  attempt  was  made  to  type  the  toxin  of  rat  5 and  the  results 
are  given  in  the  following  test  (number  4): 


Test  4. 


Animal. 

Toxin. 

Antitoxin. 

Result. 

Guinea-pig 

5 M.L.D.’s  (rat  5) . . 

3 e.c.  C 

. parab.  (550) 

Survived. 

,,  ,, 

3 „ 

, ,.  equi.  IE) 

Died  in  72  hours. 

. . 

3 ,. 

, ..  bovis  ( D) 

Survived. 

,, 

1 „ 

, botul.  (A) 

Died  in  72  hours. 

,, 

1 „ 

■ ••  (B) 

,,  ,, 

” 

” 

Control 

(no  serum) 

” 

The  antitoxins  of  both  Cl.  parabot.  bovis  (D)  and  of  Cl.  parabot. 
(550)  neutralized  the  toxin  of  rat  5.  The  toxins  of  these  two 
organisms,  bovis  and  550  are  closely  related,  but  as  shown  by  some 
previous  tests,  apparently  not  identical.  Toxin  550  being  from  an 
impure  culture  may  Vie  a mixture  of  more  than  one  type  of  toxin. 

Another  test  was  carried  out  to  see  whether  toxin  from  rat  0 
could  be  neutralized  by  the  antitoxins  of  Cl.  parabot.  bovis  (D)  and 
Cl.  parabot.  550  respectively. 


Test  5. 


i 


Animal. 

Toxin. 

Antitoxin. 

Result. 

Guinea-pig 

5 M.L.D.’s  (rat  6).  . 

3 e.c.  Cl.  parab.  bovis  (D) 

Survived. 

,, 

,»  ,, 

3 (550) 

,, 

” 

” 

Control  (no  serum) 

Died  in  48  hours. 

From  this  test  it  would  appear  that  the  toxins  of  Cl.  parabot. 
bovis  and  550  are  very  closely  related  to  that  of  rat  G. 


Conclusion.— O ne  may  summarize  the  experiments  quoted  in  this 
section  by  stating  that  the  carcasses  of  rats  allowed  to  decompose  at 
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this  laboratory  may  in  a small  percentage  of’  eases  become  toxic. 
Material  from  lliem  when  dosed  to  gnineapigs  by  Ihe  month  produce 
typical  symptoms  of  botulism.  The  toxins  from  three  rats  which 
were  allowed  to  decompose  were  typed  by  toxin  antitoxin  tests  and 
were  shown  to  be  closely  related  to  if  not  identical  with  that  of 
Cl.  parabot.  bovis,  one  of  the  bacteria  responsible  for  the  occurrence 
of  “ lamsiekte  ” in  cattle. 

The  toxin  of  one  rat,  number  5,  showed  some  variation  fiom 
those  of  the  other  two  but  this  variation  was  not  sufficient  to  classify 
it  as  a different  type. 

(2)  HAEMOLYTIC  EFFECTS  OF  BOTULISMUS  TOXINS. 

In  view  of  the  fact  that  according  to  Ehrlich,  tetanus  toxin  com- 
prises two  portions,  a neurotoxin,  tetanospasmin  and  a kaemolysin, 
tetanolysm,  the  latter  being  haemolytic  for  the  red  corpuscles  of 
various  animal  species,  it  was  thought  that  botulismus  toxins  might 
have  similar  haemolytic  effects. 

Weinberg  and  Ginsbourg  in  their  text  book  on  anaerobes  (1927), 
mention  that  the  A and  B types  of  botulinus  organism  are  haemolytic 
in  cultures  10-26  hours  old  but  not  later. 

The  botulismus  toxins  available  for  the  experiment  were  of 

several  types  and  were  as  follows: 

(1)  Cl.  botulinum  A (Lister  Institute). 

(2)  Cl.  botulinum  B (Lister  Institute). 

(3)  Cl.  botulinum  C (Graham  & Boughton). 

(4)  Cl.  parabotulinum  bovis  (Lamsiekte). 

(5)  Cl.  parabotulinum  equi  (equine  para botnl ism). 

(0)  Bae.  parabotulinus  (Seddon). 

The  last  three  may  be  considered  as  of  the  ('  type,  but  Weinberg 
considers  that  one  should  call  number  (4)  and  (5)  I)  and  E 

respectively. 

Toxic  filtrates  from  all  these  different  types  were  made  from 
cultures  in  chopped  meat  medium  after  four  days,  incubation  at  37°  C. 
The  toxicity  of  these  filtrates  was  proved  in  each  case  before  carrying 

out  haemolysis  tests  as  it  has  been  found  that  one  may  encounter 

non-toxic  strains  of  botulinus  types.  In  the  writer’s  experience 
these  non-toxic  strains  produce  no  demonstrable  toxin  as  gnineapigs 
given  large  doses  of  filtrates  from  them  subcutaneously  fail  to  develop 
symptoms  and  subsequently  are  susceptible  to  a dose  of  toxin  (dose 
to  the  minimum  lethal.  The  haemolysis  tests  were  carried  out  with 
washed  red  corpuscles  of  the  horse,  ox,  sheep,  pig,  dog,  rabbit  and 
guineapig.  The  corpuscles  were  washed  three  times  in  normal  saline, 
and  for  the  tests  I c.c.  of  a five  per  cent,  suspension  was  used  with 
varying  amounts  of  the  toxin.  Of  each  toxin  doses  of  1 c.c.  .5, 
.2  and  .1  c.c.  were  tried  and,  in  addition  with  sheep’s  corpuscles, 
fresh  guineapig  serum  was  added  as  well  to  act  as  complement. 

In  no  case  was  any  evidence  of  haemolysis  obtained  on  incubation 
at  37°  C.  for  12  hours. 

('and union. — One  is  entitled  to  conclude  from  the  above  experi- 
ments that  no  haemolysin  is  present  in  botulinus  cultures  of  any  of 
the  known  types  except  In  the  case  of  very  young  cultures. 
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(3)  PASSACE  OF  SPORES  THROUGH  THE  ANIMAL  BODY. 

Various  investigators  have  carried  out  experiments  to  determine 
whether  toxin  free  bacteria  of  the  botulinus  type  could  produce 
toxin  when  inoculated  into  the  living  animal.  These  experiments 
are  well  summed  up  by  K.  F.  Meyer  (1928)  in  his  article  on 
“ Botulismus  ” in  the  latest  edition  of  Kolle  and  Wassermann’s 
Handhuch  der  pathogenen  Mikro-organismen.  He  states  that, 
whilst  in  moderate  numbers  no  toxin  is  produced,  when  the  bacteria 
are  in  enormous  numbers,  they  can  undoubtedly  produce  some  toxin. 

Sclieuber  (1928)  has  recently  been  able  to  obtain  toxic  cultures 
of  the  lamsiekte  type  from  the  faeces  of  cattle  on  a lamsiekte  farm 
(Armoedsvlakte,  Vryburg).  These  cattle  were  not  actually  suffering 
from  the  disease,  and  the  method  of  making  the  cultures  precluded 
the  possibility  of  actual  toxin  having  been  introduced  into  the* 
medium,  the  heating  used  after  inoculation  of  the  tubes  being 
sufficient  to  destroy  the  toxin  if  it  were  present. 

A point,  however,  which  remained  to  he  cleared  up,  was  whether 
under  certain  conditions  spores  of  botulinus  types  could  vegetate, 
develop  and  produce  toxin  in  the  alimentary  tract.  It  is  conceivable 
that  the  organisms  might  find  suitable  conditions  for  development 
in  some  part  of  the  alimentary  canal. 

In  view  of  the  fact  that  the  Cl.  botulinum  A and  B types  sporu- 
late  more  freely  than  the  C species  which  includes  the  lamsiekte  types, 
and  that  they  can  develop  and  produce  toxin  under  conditions  where 
the  latter  types  cannot,  it  was  decided  to  try  the  A type  in  the 
experimental  work. 

Experiments  with  many  botulinus  types  here  have  shown 
that  only  the  A and  B grow  with  any  freedom  on  vegetable  media 
and  produce  toxin.  Two  fowls  and  two  guineapigs  were  used  for  the 
experiments.  Each  was  kept  isolated  in  a cage  which  had  been 
thoroughly  cleaned.  Before  commencing  the  experiments,  the  faeces 
of  each  were  cultured  in  chopped  meat  medium  for  the  demonstration 
of  botulinus  spores  and  filtrates  were  made  from  the  faeces.  Both 
the  cultures  and  the  filtrates  were  tested  on  guineapigs  in  doses  of 
1 c.c.  subcutaneously  without  any  toxin  being  demonstrated. 

The  fowls  and  guineapigs  were  then  dosed  each  with  2 c.c.  of  a 
culture  of  Cl.  botulinum  A in  chopped  meat  after  a week’s  incubation 
at  37°  C.  The  culture  was  boiled  for  five  minutes  before  dosing 
to  ensure  the  toxin's  being  rendered  inert.  Temperatures  of  80°  C’. 
for  one  hour  have  not  always  been  found  by  the  writer  to  be  effective 
in  killing  the  toxin  as  judged  by  subsequent  guineapig  inoculation. 

After  dosing,  the  faeces  of  each  fowl  and  guineapig  were  collected 
daily  for  seven  days  commencing  the  day  after  the  dosing.  Cultures 
were  made  from  the  faeces  in  chopped  meat  medium  every  day  and 
filtrates  were  made  from  the  emulsions  of  the  faeces.  These 
filtrates  were  given  subcutaneously  to  guineapigs  in  doses  of  1 c.c. 
From  both  the  fowls  and  guineapigs  in  each  case  the  presence  of 
botulinus  spores  could  be  traced  in  the  faeces  even  after  a week, 
hut  in  decreasing  numbers  as  judged  by  the  toxicity  of  the  cultures. 

Larger  animals  such  as  cattle  and  sheep  were  not  used  for  similar 
experiments,  as  though  it  would  he  easy  enough  to  trace  spores  in 
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the  faeces  if  in  fair  numbers,  the  bulk  of  the  faeces  especially  in 
cattle  militates  against  testing  for  toxin.  Unless  the  toxin  were 
present  in  large  amounts,  it  would  not  be  traced,  whereas  in  fowls 
and  guineapigs  one  can  deal  with  the  greater  part  of  the  daily  out- 
put of  faeces. 

No  toxicity  was  demonstrated  in  any  sample  of  filtrate  from  the 
faeces  of  the  fowls  or  guineapigs  during  the  seven  days  of  the 
experiment,  a finding  which  supports  the  view  that  botulinus  types 
do  not  form  toxin  in  the  alimentary  tract. 

The  writer  has  in  two  outbreaks  of  botulism  in  equines  been 
able  to  demonstrate  botulinus  type  spores  in  the  caecal  contents  of 
horses  and  mules  which  died  showing  symptoms  of  paralysis.  The 
observations  in  this  connection  are  mentioned  in  another  paper  in 
this  Report  called  “ Notes  on  a few  outbreaks  of  botulism  in 
domesticated  animals  and  birds.” 

Conclusion. — It  would  seem  to  be  fairly  certain  that  the  bacteria 
of  the  botulinus  type  are  not  able  to  produce  toxin  in  the  alimentary 
tract  of  guineapigs  or  fowls,  and  if  is  probable  that  they  do  not  find 
suitable  conditions  for  development  there. 

(4)  ABSORPTION  OF  BOTULINUS  TOXINS  BY  NORMAL 

TISSUES. 

During  their  work  on  tetanus  toxin,  Wassermann  and  Takaki 
were  able  to  show  that  normal  nerve  tissues  of  animals  were  able 
to  absorb  it.  They  found  that  1 gram  of  brain  tissue  for  instance 
would  absorb  10  M.L.D.’s  of  the  toxin.  Kempner  and  Schepilewski 
(quoted  from  K.  F.  Meyer,  1928)  found  that  brain  tissue  would 
absorb  botulinus  A type  toxin. 

Having  a number  of  different  botulinus  type  toxins  available, 
the  writer  attempted  to  repeat  the  experiments  which  had  previously 
been  done.  Using  guineapig  tissues,  absorption  experiments  were 
carried  out  with  botulinus  toxins  and  brain,  liver,  kidney  and  muscle. 

About  three  to  five  grams  of  the  tissue  were  ground  up  fine  and 
suspended  in  10  c.c.  of  normal  saline.  To  the  suspension  an  amount 
of  toxin  was  added,  varying  from  10  M.L.D.’s  down  to  as  low  as 
two  or  three.  The  potency  of  the  toxin  was  always  previously  tested 
out  on  guineapigs  and  the  minimum  lethal  dose  may  he  taken  as 
fairly  accurate.  The  mixture  was  allowed  to  stand  at  room  tem- 
perature for  three  hours,  after  which  it  was  centrifugalized  and  the 
whole  of  the  supernatant  fluid  inoculated  into  a guineapig.  Room 
temperature  means,  between  September  and  April,  from  20  to  28°  ('. 
and  between  April  and  September  with  the  central  heating  of  the 
building,  l(j  to  20°C. 

The  toxins  used  were  as  follows:  — 

(1)  Cl.  botulinum  A (A  228  Lister  Institute,  London). 

(2)  B.  parabotulinus  of  Seddon  (A  C type  of  Cl.  botulinum). 

(3)  Cl.  parabotulinum  equi  (Cl.  botulinum  K according  to 
Weinberg). 

(4,  Cl.  parabotulinum  bovis  (CL  botulinum  I)  according  to 
Weinberg). 

(5)  Cl.  botulinum  (No.  0 Mixed  culture  from  dead  rat). 

(6)  Cl.  botulinum  (No.  550  Mixed  culture  from  cattle  carcass). 
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Xu.  (5)  was  a toxin  isolated  from  t he  carcass  of  a dead  rat  allowed 
to  decompose  in  a fruit  jar.  It  may  lie  a mixture  of  more  than  one 
type  of  toxin,  but  at  present  it  has  only  been  determined  that  the 
antitoxins  for  A,  B,  or  E toxins  do  not  neutralize  it. 

No.  (6)  was  a toxin  isolated  from  cattle  carcass  material  in  a 
bad  lamsiekte  district.  It  lias  not  yet  been  definitely  typed  but 
differs  slightly  from  the  Cl.  parabotul ilium  bovis  or  ])  type. 


EXPERIMENT  1. — Cl.  parabotulinum  equi  toxin  (E). 


Tissue. 

Amount  of  Toxin. 

Result. 

Brain 

About  2 M.L.D.’s  (-001  c.c.) 

Died  in  8 days. 
Died  in  3 days. 
Died  in  2 days. 

EXPERIMENT  2. — Cl.  parabotulinum  equi  toxin  (E). 


Tissue. 

Amount  of  Toxin. 

Result. 

EXPERIMENT  3.— Cl.  parabotulinum  equi  toxin  (E). 


Tissue. 

Amount  of  Toxin. 

Result. 

About  2 M.L.D.’s 

Died  in  4 days. 
Died  in  3 days. 
Died  in  3 days. 

EXPERIMENT  4. — Cl.  parabotulinum  equi  toxin  (E). 


Tissue. 

Amount  of  Toxin. 

Result. 

5 M.L.D.’s 

Died  in  4 days. 
Died  in  2 days. 
Died  in  3 days. 
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EXPERIMENT  5. — CE  parahotulinum  bovis  (D). 


Tissue. 

Amount  of  Toxin. 

Result. 

Brain 

5 M.L.D.’s  (0-1  c.c.) 

Died  in  10  days. 
Died  in  48  hours. 
Died  in  48  hours. 

EXPERIMENT  6. — B.  parabotxilinus  (Seddon)  toxin. 


Tissue. 

Amount  of  Toxin. 

Result. 

Brain 

5 M.L.D.’s 

Survived. 

Died  in  4 days. 

EXPERIMENT  8. — CE  Botulinum  A Toxin. 


Tissue. 

Amount  of  Toxin. 

Result. 

Brain 

2 M.L.D.’s  (-001  c.c.) 

Died  in  7 days. 
Died  in  4 days. 
Died  in  4 days. 

EXPERIMENT  T. — B.  parabotulinus  (Seddon). 


Tissue. 

Amount  of  Toxin. 

Result. 

Brain 

5 M.L.D.’s 

Survived. 

Died. 

Died. 

EXPERIMENT  9. — CE  parabotulinum  (554). 


Tissue. 

Amount  of  Toxin. 

Result. 

Brain 

10  M.L.D.’s 

Died. 

Died. 
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EXPERIMENT  10.— Cl.  parabotulinum  (554). 


Tissue. 

Amount  of  Toxin. 

Result. 

5 M.L.D.’s 

EXPERIMENT  11. — Cl.  parabotulinum 

(550). 

Tissue. 

Amount  of  Toxin. 

Result. 

5 M.L.D.’s 

SUMMARY. 

The  ability  of  brain  tissue  of  a susceptible  animal  to  absorb  toxins 
of  the  botulinus  type  appears  to  be  rather  variable.  The  absorption 
does  not  in  any  case  occur  to  a marked  degree.  With  Cl.  botulinum 
equi  toxin  there  appeared  to  be  very  little  absorption.  With  the 
other  toxins  the  absorption  was  variable  but  5 M.L.P.’s  appear  to 
be  about  as  much  as  can  be  absorbed  by  three  to  five  grains  of  brain 
tissue. 

Cultures  of  the  botulinus  type  made  in  Hibler’s  brain  medium 
possess  very  little  toxicity  even  when  made  from  highly  toxic  cultures, 
whereas  beef  heart  medium  produces  highly  toxic  cultures. 

(5)  NOTES  ON  ANATOXINS  IN  BOTULISM. 

The  application  of  formalin  to  the  production  of  anatoxins  for 
tetanus  has  been  applied  on  a large  scale  by  Ramon  and  co-workers 
(1925)  and  the  method  has  been  used  for  botulinus  toxins  by  Weinberg 
and  Gov  (1925).  In  immunization  against  botulinus  toxins  A and  11 
they  found  that  the  best  results  were  obtained  when  they  used  moderate 
doses  of  anatoxin  at  regular  intervals,  and  the  immunity  was  better 
than  from  one  large  dose.  When  rabbits  were  immunized  by  giving 
them  four  injections  at  12-14  day  intervals  of  quantities  of  5,  10,  15 
and  20  c.c.  of  anatoxin  produced  by  the  addition  of  2 per  cent,  for- 
malin, the  rabbits’  serum  in  a quantity  of  1 c.c.  would  neutralize 
70,000  M.L.D.’s  for  the  guineapig.  Later,  in  a recent  article, 
Salsbery  and  Jacobi  (1928)  have  published  some  preliminary  notes 
on  anatoxins  for  botulinus  types,  and  a further  extensive  article  has 
been  promised  by  Graham,  but  at  the  time  of  writing  has  not  appeared 
in  print. 

The  writer  has  carried  out  a number  of  experiments  with  ana- 
toxins  for  various  botulinus  types.  These  experiments  are  still  being- 
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carried  out,  but  preliminary  notes  on  those  done  so  far  may  be  of' 
interest.  The  toxins  available  were  those  already  mentioned  in 
another  part  of  this  article  (section  on  absorption  of  toxins  by  normal 
tissues).  Before  formalinization  the  approximate  M.L.D.  of  each 
toxin  was  determined  for  future  comparison.  Formalin  m a con- 
centration of  .2  up  to  1 per  cent,  was  used  in  different  experiments, 
and  t lie  toxins  were  subsequently  kept  at  -37°  C.  for  varying1  periods 
of  time. 

A series  of  experiments  was  carried  out  to  observe  the  effect  of 
formalinization  on  the  toxins  and  the  results  may  be  briefly 
tabulated.  Guineapigs  were  used  for  testing  the  anatoxin  and  were 
inoculated  subcutaneously. 


EXPERIMENT  1. 


Toxin  and  M.L.D. 

Formalin. 

Time  at  37°  C. 

Dose. 

Result. 

B.  parabot.  (550)  M.L.  D.  ( • 005  c.c.) 

‘4  °0 

1 dav 

1 C.C 

Died. 

3 days 

1 c.c 

Died. 

5 days 

1 c.c 

Survived. 

In  tliis  case  five  days  were  necessary  before  the  toxin  was  ren- 
dered atoxic. 


EXPERIMENT  2. 


Toxin  and  M.L.D. 

Formalin. 

Time  at  37°  C. 

Dose. 

Result. 

B.  parabotul.  (554),  rat  6,  M.L.D. 

°o 

1 day 

1 C.C 

Died. 

(•001  c.c.) 

3 days 

5 days 

1 c.c 

1 c.c 

Died. 

Survived. 

Again  in  this  case  five  days  were  necessary  before  the  toxin  was 
rendered  harmless. 


EXPERIMENT  3. 


Toxin  and  M.L.D. 

Formalin. 

Time  at  37°  C. 

Dose. 

Result. 

B.  parabot.  (554),  rat  0,  M.L.D. 

*4  % 

4 days 

1 c.c 

Died. 

(•001  c.c.) 

0 days 

1 c.c 

Survived. 

14  days 

1 c.c 

Survived. 

With  this  toxin  four  days  formalinization  might  fail  to  lender  it 
atoxic. 
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EXPERIMENT  4. 


Toxin  and  M.L.D. 

Formalin. 

Time  at  37°  C. 

Dose. 

Result. 

Cl.  botul.  A..  M.L.D.  (-01  c.c.)... 

• 4 % 

3 days 

1 c.c 

Survived. 

7 days 

1 0.0 

Survived. 

In  this  case  three  days  was  sufficient. 


EXPERIMENT  5. 


Toxin  and  M.L.D. 

Formalin. 

Time  at  37°  C. 

Dose. 

Result. 

Cl.  botul.  B„  M.L.D.  (-01  c.c.).  . . 

■4  % 

3 days 

1 c.c 

Survived. 

7 days 

1 c.c 

Survived. 

In  this  case  36  hours  was  sufficient. 


EXPERIMENT  6. 


Toxin  and  M.L.D. 

Formalin. 

Time  at  37°  C. 

Dose. 

Result. 

Cl.  parabot.  equi.  (E),  M.L.D. 

•4  % 

36  hours 

1 c.c 

Survived. 

(•01  c.c.) 

5 days 

1 c.c 

Survived. 

In  this  case  36  hours 

was  suffi 

dent. 

EXPERIMENT  7. 

Toxin  and  M.L.D. 

Formalin. 

Time  at  37°  C. 

Dose. 

Result. 

Cl.  parabot.  (523).  An  impure 

.9  o' 

24  hours 

1 c.c 

Died. 

toxin  from  carcass  material, 

3 days 

1 c.c 

Died. 

M.L.D.  (-0001  c.c.) 

5 days 

1 c.c 

Died. 

•4  % 

3 days 

1 c.c 

Died. 

5 days 

1 c.c 

Died. 

1 % 

24  hours 

1 c.c 

Died. 

3 days 

1 c.c 

Died. 

5 days 

1 c.c 

Survived. 

Only  the  guineapig  receiving  1 c.c.  of  toxin  to  which  1 per  cent, 
formalin  had  been  added  and  incubated  for  five  days  survived. 

( (flier  experiments  were  carried  out  on  similar  lines  using  forma- 
lin with  similar  results.  A point  brought  out  very  clearly  was 
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that,  t lie  length  of  time  necessary  for  the  formalin  to  act  was  directly 
in  proportion  to  the  virulence  of  the  toxin. 

In  Experiment  4 the  two  surviving-  guineapigs  were  inoculated 
18  days  after  the  first  inoculation,  with  virulent  toxin.  One  received 
100  M.L.I).  and  the  other  ten.  The  former  died  but  the  latter 
survived . 

In  Experiment  3 the  two  survivors  were  inoculated  18  days 
later  with  virulent  toxin.  One  received  100  M.L.I).  and  the  other 
ten.  In  this  case  the  latter  only  survived.  Other  experiments  were 
carried  out  with  guineapigs  surviving  anatoxin  tests,  and  all  showed 
that  no  very  powerful  immunity  results  in  guineapigs  from  one 
inoculation  of  anatoxin,  at  least  in  a dose  of  1 c.c. 

In  experiments  on  goats  where  they  were  given  doses  of  10  and 
20  c.c.  of  anatoxin  with  a ten-day  interval  a strong  immunity 
developed. 

Goats  and  rabbits  were  hyperimmunized  against  various  toxins 
using  anatoxin  as  the  initial  immunizing  agent.  Only  a few  rabbits 
were  done  as  the  amount  of  serum  to  be  obtained  from  them  was 
insufficient  for  subsequent  toxin-antitoxin  tests. 

Several  goats  were  immunized  against  different  toxins.  Anti- 
toxins were  produced  against  the  following  toxins:  — 

(1)  01.  botulinum  A (Lister  Institute  Strain). 

(2)  Cl.  botulinum  B (Lister  Institute  Strain). 

(3)  CL  botulinum  1)  (CL  parabot.  bovis). 

(4)  Cl.  botulinum  E (Cl.  parabot.  equi). 

(5)  Cl.  botulinum  554  (Eat  6). 

(G)  Cl.  botulinum  550  (carcass  material,  Bechuanaland). 

The  method  of  immunization  was  the  same  in  each  case.  Com- 
mencing with  a dose  of  5 c.c.  of  a homologous  anatoxin,  a further 
dose  of  10  c.c.  was  given  a week  later.  Two  weeks  later  a dose  of 
10  M.L.D.’s  of  virulent  toxin  was  given  subcutaneously  and  sub- 
sequently the  dose  was  doubled  every  week  until  2,000  M.L.D.’s  were 
given.  The  doses  from  100  M.L.D.’s  onward  were  given  intra- 
venously, so  as  to  avoid  giving  large  doses  of  fluid  under  the  skin. 

The  serum  of  the  goats  was  tested  at  intervals  during  the 
immunization,  and  it  was  found  that  when  2,000  M.L.D.’s  had  been 
reached,  the  goats’  serum  in  a dose  of  1 c.c.  would  usually  protect 
guineapigs  against  200  to  500  M.L.D.’s  of  the  particular  toxin  used 
to  immunize  the  goat.  The  hyperimmunization  was  not  carried 
further,  as  the  sera  were  quite  good  enough  for  cross  toxin-antitoxin 
tests.  A toxic  Dot.  C.  strain  was  not  available,  but  will  shortly  be 
on  hand,  and  it  is  the  writer’s  intention  to  attempt  a classification  of 
all  the  known  C types  by  serological  tests. 

The  anatoxin  method  as  shown  by  numerous  authors,  is  the  best 
available  method  for  producing  immunity  against  bacterial  exotoxins 
of  whatever  type.  A good  immunity  can  be  produced  by  anatoxin 
alone,  but  with  subsequent  inoculations  of  virulent  toxin  animals 
can  easily  and  safely  be  rendered  hyperimmune. 

Prior  to  using  anatoxins,  the  writer  was  only  once  able  to  pro- 
duce a hyperimmune  serum  against  any  of  the  botulinus  strains  met 
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with  ill  South  Africa.  He  found  that  at  any  stage  in  the  earlier 
inoculations  with  virulent  toxin  an  increase  in  the  dose  might  produce 
fatal  results.  The  method  previously  used  by  the  writer  was  to 
commence  with  sublethal  doses  of  toxin  and  continue  past  the  minimal 
lethal  dose  by  small  increases.  It  was  found  in  this  method  that  a 
dose  such  as  5 M.L.D.’s  would  produce  no  symptoms  but  ten  might, 
a week  later,  produce  fatal  symptoms. 

At  present  there  is  no  necessity  to  immunize  against  “ lam- 
siekte  ” in  cattle,  as  the  use  of  bone  meal  has  proved  so  effective  in 
preventing  it,  but  such  an  immunization  could  now  be  undertaken  at 
any  time.  It  would,  however,  be  necessary  before  doing  so  to 
determine  more  accurately  whether  there  is  more  than  one  toxin 
responsible  as  the  experiments  so  far  carried  out  would  tend  to  show. 
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Notes  on  a Few  Outbreaks  of  Botulism  in 
Domesticated  Animals  and  Birds. 


By  E.  M.  R(  >BINS<  )N,  M.R.C.Y.S.,  I)r .Med.  Vet-.,  Senior  Research 

Officer. 


Several  outbreaks  of  botulism  in  equines  have  been  investigated  by 
the  writer  during  the  past  two  years,  and  some  of  these  will  be 
briefly  described  as  they  were  of  special  interest.  Since  the  publica- 
tion  of  an  article  by  Theiler  and  the  writer  (1927)  many  communica- 
tions from  veterinary  surgeons  and  horse  owners  have  been  received 
quoting  personal  experience  of  outbreaks  of  paralysis  in  equines. 
These  outbreaks  were  never  realized  at  the  time  to  be  probably  due 
to  botulism,  but  there  is  little  doubt  that  most  of  them  were. 

The  first,  outbreak  to  be  described  occurred  in  a contractor’s 
stables  about  three  miles  from  Pretoria.  There  were  85  mules  and 
six  horses  in  the  stables,  and  they  were  out  at  work  all  day  except 
on  Sundays  when  they  were  allowed  to  run  in  a large  camp  fenced 
in  with  barbed  wire.  The  occurrence  of  the  disease  was  reported  by 
a practitioner  in  Pretoria,  who  stated  that  eight  days  previous  to 
bringing  the  matter  to  our  notice,  a mule  had  developed  symptoms  of 
weakness  of  the  limbs  and  had  been  found  cast  under  the  manger. 
On  being  lifted  it  was  able  to  stand,  but  soon  went  down  again  and 
lay  stretched  out  on  its  side.  If  propped  up  it  could  eat  and  showed 
no  interference  with  mastication  or  deglutition.  No  temperature 
was  shown  during  the  illness.  A second  mule  developed  symptoms  of 
an  identical  nature  five  days  later,  and  a third  the  day  before  the 
writer  saw  the  animals.  The  last  case  was  standing  up  but  was  weak 
and  staggered  when  walked.  The  temperature  was  101°  F.,  pulse  • 30, 
respiration  normal.  The  animal  was  eating  and  drinking  well. 

The  two  first-mentioned  mules  were  killed  as  they  were  in 
extremis,  and  post-mortems  were  made  on  them.  No  pathological 
changes  were  found  in  the  animals,  so  caeca!  contents  were  taken 
from  both  animals  for  inoculation  into  culture  media  to  attempt  the 
demonstration  of  botulinus  spores. 

The  animal  which  was  left  was  brought  to  the  laboratory  for 
observation,  but  lived  for  only  three  days.  At  post-mortem  again 
no  pathological  changes  were  seen.  A further  case  occurred,  making 
four  in  all.  This  animal  was  brought  to  the  laboratory  as  well,  but 
apparently  was  not  as  bad  as  the  others  and  recovered  in  (he  course 
of  three  to  four  weeks.  In  none  of  the  four  cases  was  any  inter- 
ference with  mastication  or  deglutition  observed,  but  this  symptom  is 
chiefly  seen  in  acute  cases  of  botulism. 


ill 
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Attempts  to  trace  the  source  of  the  infection  failed.  The  day’s 
supply  of  food  was  cut  up  at  one  time.  It  consisted  of  bales  of  oat 
forage  and  a ration  of  maize.  No  dead  rats  had  been  seen  in  the 
forage,  but  there  was  evidence  of  the  presence  of  numerous  rats  in 
the  forage  store.  The  food  supply  could  not  definitely  be  incrimi- 
nated. and  in  any  case  it  was  food  supplied  a week  to  a fortnight 
before,  which  had  caused  the  outbreak.  The  four  mules  were  all  in 
different  parts  of  a large  stable,  so  that  the  infection  had  an  uneven 
distribution.  The  camp  where  the  animals  were  turned  out  showed 
nothing  of  a suspicious  nature,  and  there  was  very  little  grazing. 

The  caeeal  contents  from  one  mule,  when  cultivated  in  chopped 
meat  medium,  gave  a toxin  which  produced  typical  symptoms  of 
botulism  in  guineapigs  when  dosed  to  them  by  the  mouth.  The 
strain  of  botulinus  organism  was  kept  going  in  culture  media  for 
several  months,  but  apparently  the  contaminating  organisms  were 
too  vigorous  and  gradually  the  toxicity  was  lost.  Unfortunately,  at 
the  time  no  variety  of  antitoxins  was  available  to  type  it  with,  so  the 
opportunity  was  lost.  Botulinus  antitoxin  A and  B (polyvalent) 
failed  to  protect  against  the  toxin. 

Having  seen  a reference  to  the  ability  of  the  serum  of  an 
animal  with  subacute  botulism  to  neutralize  small  doses  of  toxin 
(Tocher,  1923),  an  attempt  was  made  with  serum  of  one  of  the  living 
cases  to  see  if  the  toxin  could  be  typed.  An  experiment  was  carried 
out  as  follows  : — 


Aminal. 


Toxin. 


Serum  of  Mule. 


Result. 


Guineapig 


Cl 


Cl 


Cl 


botulinum  A,  5 M.L.D 


B. 

C, 


parabot.  bovis, 
tparabot.  equi 
parabotulinus  (Seddon),  5 M.L.D... 


a c.c.. 
None. 
5 c.c. . 
None. 
5 c.c.. 
None. 
5 c.c.. 
None. 
5 c.c.. 
None. 
5 c.c.. 
None. 


Died. 


The  mule’s  serum  showed  no  neutralizing  effect  on  any  of  the 
toxins.  It  is  doubtful  if  any  conclusion  could  be  drawn  from  this 
experiment,  as  it  is  uncertain  whether  any  definite  amount  of  anti- 
toxin is  produced  during  one  attack  of  botulism. 

There  is,  of  course,  no  proof  that  the  spores  found  in  the  caeeal 
content  of  the  mule  were  associated  with  the  disease,  hut  the  evidence 
in  these  outbreaks  of  botulism  is  always  strong  circumstantial  only 
but  usually  convincing. 

The  second  outbreak  to  be  described  occurred  on  a farm  halfway 
between  Johannesburg  and  Pretoria.  The  f'armei  came  in  to  ask 
advice  about  the  treatment  of  a horse  which  had  suddenly  developed 
paralysis  and  was  unable  to  rise.  He  bad  lost  a horse  with  similar 
symptoms  a few  days  previously.  Botulism  was  suspected,  and  on 
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inquiry  it  was  found  that  the  fanner  had  been  carrying-  out  a cam- 
paign against  rats  in  his  stables  and  forage  stores.  He  was  requested 
to  send  in  samples  of  the  contents  of  the  caecum  and  colon  if  the 
horse  died,  and  this  lie  did.  Cultures  made  in  chopped  meat  from  the 
caecal  contents  became  toxic  and  on  dosing  them  to  guineapigs  per  os. 
symptoms  typical  for  botulism  were  produced.  Here,  again,  one  has 
an  instance  of  cultivation  of  the  probable  causal  arganism  from 
intestinal  contents,  hut  the  evidence  is  again  circumstantial. 

This  strain  has  been  maintained  in  culture  media  without  any 
marked  loss  of  toxicity  and  the  minimum  lethal  dose  for  guineapigs 
subcutaneously  was  found  to  lie  in  the  neighbourhood  of  .001  c.c. 
Perns,  .1  to  p-e.-c.  wa^  the  M.L.D. 

Attempts  were  made  to  type  this  strain  which  was  given  its 
serial  culture  number  028.  Several  antitoxins  were  available,  all 
made  by  by  per  immunization  of  goats  except  the  polyvalent  Botulinus 
A and  B antitoxin  which  was  obtained  from  Burroughs  Wellcome  A 
Co.  In  two  series  of  comparative  tests  carried  out  the  results  were 
very  similar. 


TEST  1. 


Animal. 

Toxin. 

Antitoxin. 

Result. 

Guineapig 

” 

<128.  -01  c.c.  subc. 

3 c.c.  Cl.  parab.  bovis 

3 ,,  ,,  equi  

3 .,  (554) 

3 „ .,  (550) 

1 ,,  Cl.  botulinum  A 

1 ..  „ A and  B.... 

No  antitoxin 

Survived. 

Died  (?  botulism). 
Died. 

Survived. 

Died. 

Died. 

Died. 

it  was  decided  to  repeat  this  test  owing  to  the  survival  of  two 
guineapigs  given  different  antitoxins  and  one  in  which  there  was 
some  doubt  as  to  the  cause  of  death.  On  repeating  the  test  the 
guineapng  with  Cl.  parabot.  bans  and  550  again  survived. 

The  antitoxins  used  were  as  follows:  — 

(1)  Cl.  botulinum  A (by  goat  hyperimmunization). 

(2)  Cl.  botulinum  B (by  goat  hyperimmunization). 

(3)  Cl.  botulinum  A-B  (Burroughs  Wellcome  & Co.). 

(4)  Cl.  parabotulinum  bovis  (1)  according  to  Weinberg). 

(5)  Cl.  para  botulinum  equt  (E  according  to  Weinberg). 

(0)  Cl.  parabotulinum  (550)  impure  toxin  from  carcase 
material. 

(7)  CL  parabotulinum  (554)  impure  toxin  from  a rat  carcase 
at  Onderstepoort. 

The  latter  two  antitoxins  were  made  in  the  attempt  to  type  tin* 
toxins  by  cross  toxin  antitoxin  tests  with  all  available  types.  From 
the  tests  it  would  appear  that  toxin  (>28  belongs  to  the  Cl.  parabot. 
lion's  or  1)  type.  The  type  550  is  closely  related  to  the  I)  type,  and 
the  writer  has  a good  deal  of  evidence  to  show  that  when  doses  of 
toxin  close  to  the  M.E.D.  are  used  the  antitoxin  against  either  type 
may  neutralize  both  toxins. 


OUTBREAKS  OF  BOTULISM. 


A third  outbreak  occurred  in  a brickyard  in  Johannesburg.  It 
commenced  with  the  death  of  the  owner’s  horse,  which  was  fed  on 
lucerne  and  chopped  oat  forage.  The  animal  was  taken  ill  and  died 
the  following  day  with  symptoms  of  complete  paralysis.  It  ate 
until  it  became  paralysed,  and  before  it  went  down  showed  symptoms 
of  abdominal  pain,  getting  up  and  lying  down  continuously. 

A few  days  later  when  the  outbreak  was  investigated  by  the 
Government  Veterinary  Officer  there  were  two  donkeys  showing 
symptoms,  and  a horse  and  a donkey  which  had  just  died. 

In  both  the  donkeys  the  temperature  and  pulse  were  normal,  but 
otherwise  the  only  symptoms  were  weakness  and  inability  to  rise 
when  down.  It  was  noticed  that  the  forage  store  and  stables  were 
riddled  with  rat  holes  and  excreta  of  rats  were  everywhere.  Dead 
rats  had  heen  seen  in  the  forage  from  time  to  time.  On  a search 
being  made  the  partially  mummified  carcase  of  a kitten  was  found  in 
the  forage  and  was  sent  to  the  laboratory  for  investigational  work. 

On  cultures  being  made  from  this  carcase  in  chopped  meat 
medium,  a powerful  toxin  was  produced.  The  symptoms  produced 
when  the  toxic  cultures  were  dosed  to  guineapigs  per  os  were  typical 
of  botulism.  The  serial  culture  number  was  given  to  this  toxin, 
i.e.  11,  and  an  attempt  was  made  to  type  it  by  toxin  antitoxin  tests. 
The  antitoxins  used  were  the  same  as  were  used  with  toxin  628.  As 
will  be  seen  from  the  table  the  results  of  the  tests  were  regular. 


TEST  3. 


Animal. 

Toxin. 

Antitoxin. 

Result. 

Guineapig 

■01  c.c.  (11) 

Sube. 

3 

c.c.  Cl.  parab.  bovis  (D) 

Survived. 

•01  ..  .. 

,, 

3 

„ ,,  ,,  eaui  (E) 

Died  in  72  hours. 

,, 

•01 

3 

(554) 

„ 72  ,. 

,, 

■01  .. 

,, 

3 

(550) 

00  .. 

•01  .. 

.. 

1 

..  ,.  botulinum  A 

72  .. 

■01  „ 

,, 

1 

.,  ,,  ,.  A and  B.... 

72  ,. 

” 

■01  „ 

” 

no 

antitoxin 

72  „ 

The  M.L.D.  for  toxin  (11)  was  found  to  be  approximately 
.005  c.c.  From  this  test  one  is  entitled  to  conclude  that  the  toxin 
(11)  is  the  same  as  that  of  C.  parabotulinum  bovis,  the  organism 
described  by  the  writer  as  the  cause  of  lamsiekte  in  cattle  in 
Bechuanaland.  Since  isolating  the  latter  organism  and  carrying  out 
comparative  tests  with  other  strains  from  the  same  area  the  writer 
has  reason  to  believe  that  more  than  one  type  of  ihe  botulinus 
organism  may  exist  there  as  shown  by  cross  toxin  antitoxin  tests. 

Very  recently  (December,  1928),  an  outbreak  of  what  was  un- 
doubtedly botulism  occurred  amongst  the  birds  in  the  National 
Zoological  Gardens  in  Pretoria.  A similar  outbreak  had  occurred 
three  years  before,  but  was  not  investigated  at  the  time.  In  this 
recent  outbreak  subsequent  to  very  heavy  rains,  18  water  birds  died 
in  one  of  the  ponds  for  aquatic  species.  These  birds  included  Nile 
geese,  grey-backed  ducks  and  other  species.  The  mortality  occurred 
within  a period  of  24  hours  and  none  has  since  died.  In  those  birds 
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W hit'll  were  seen  alive  the  symptoms  were  fairly  typical.  There  was 
great  weakness,  inability  to  stand,  and  the  birds  lay  with  the  head 
stretched  on  the  ground. 

Post-mortem  there  was  little  in  the  way  of  lesions  to  be  seen. 
In  a few  cases  there  was  evidence  of  catarrhal  gastro-enteritis,  and 
in  two  some  degree  of  hydropericardium. 

Cultures  were  made  in  chopped  meat  media  from  the  intestines 
and  caeca  of  six  of'  these  birds.  Prom  two  of  these  cases  toxic 
cultures  were  obtained  which,  when  dosed  to  guineapigs  by  the  mouth, 
produced  typical  symptoms  of  botulism. 

The  evidence  here  as  to  botulism  being  the  cause  of  the  mortality 
in  the  birds  is  circumstantial.  The  writer  was  away  at  the  time 
of  the  outbreak,  so  the  intestinal  contents  were  not  tested  for  toxicity, 
but  only  cultures  were  made  and  kept  for  his  return. 

An  examination  by  the  writer  was  made  of  the  pond  where  the 
ducks  died,  some  two  weeks  after  the  cases  occurred.  All  the  birds 
which  died  were  in  a pond  separated  from  another  one  by  a 
narrow  culvert,  and  the  water  flowed  from  the  latter  to  former.  No 
mortality  occurred  in  the  latter  pond.  The  water  in  the  ponds  came 
from  the  town  supply  and  first  passed  through  a large  ornamental 
pond  for  gold  fish.  It  was  difficult  to  incriminate  the  water  supply 
and  the  possibility  of  dead  fisli  had  to  be  considered.  From  the 
pond  where  mortality  occurred  and  which  was  well  stocked  with 
carp,  four  of  the  latter  fish  and  a gold  fish  were  obtained.  The 
intestinal  contents  of  the  four  carp  were  subcultured  into  chopped 
meat  medium  and  the  gold  fisli  was  allowed  to  decompose  in  a sealed 
fruit  jar.  Faeces  from  the  birds  in  the  pond  were  collected  and  sub- 
cultured in  chopped  meat  medium. 

When  dosed  to  guineapigs  subsequently,  none  of  the  cultures 
proved  toxic,  nor  did  the  decomposed  gold  fish  and  cultures  from  the 
birds’  faeces. 

It  is  very  probable  that  the  botulism-producing  factor  was  only 
present  after  the  heavy  rain,  and  such  a factor  might  be  earthworms, 
which  only  appear  at  the  surface  after  heavy  rains.  The  actual 
source  of  the  botulinus  organisms  must,  therefore,  lie  regarded  as 
undetermined  in  this  outbreak. 

In  conclusion,  it  will  be  of  interest  to  mention  the  occurrence  of 
botulism  in  sheep  in  South  Africa.  In  certain  portions  of  the 
Western  Province  sheep  suffer  from  what  is  apparently  a phosphorus 
deficiency  and  develop  a marked  pica.  They  chew  bones  whenever 
they  get  the  opportunity,  and  according  to  Mr.  -I.  G.  Bekker, 
Veterinary  Research  Officer,  who  reported  the  condition,  the  sheep 
have  abnormally  light  bones  which  break  on  the  least  provocation. 
On  this  account  it  is  often  dangerous  to  catch  them  by  the  legs  or 
throw  them.  Material  from  carcases  sent  in  by  Mr.  Bekker  was 
used  for  cultural  work,  and  from  portions  of  muscle,  marrow  and 
bone  which  was  still  moist,  toxic  cultures  were  obtained  producing 
symptoms  of  botulism  when  dosed  to  guineapigs. 

In  these  cases  and  those  of  birds  in  the  Zoological  Gardens,  the 
type  of  botulinus  organism  responsible  has  not  yet  been  determined. 
The  cultures  are  only  weakly  toxic,  and  an  attempt  is  being  made  to 
increase  their  toxicity  before  typing  them. 
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There  is  no  doubt  that  botulinus  organisms  are  widely  distributed 
in  the  soil  in  South  Africa,  and  probably  occur  everywhere,  though 
it  is  known  that  carcase  material  does  not  become  toxic  in  some  parts 
of  the  country.  At  the  laboratory  here  some  ten  years  ago  carcases 
of  cattle  allowed  to  decompose  in  the  open  veld,  did  not  become  toxic 
unless  the  animals  had  died  from  lamsiekte  (botulism)  as  a result 
of  being  dosed  with  toxic  culture  material  by  the  mouth. 

Cases  of  human  botulism  have  not  so  far  been  recorded  from 
South  Africa.  The  writer  has  inquired  of  the  Director  of  the  Medical 
Research  Institute  in  Johannesburg,  the  premier  medical  research 
laboratory  in  South  Africa,  as  to  whether  he  knew  of  any  outbreaks 
of  botulism  in  this  country,  or  whether  the  A and  B types  had  been 
isolated,  but  he  was  not  able  to  refer  me  to  any  record  of  human 
botulism. 

It  is  inconceivable  when  one  considers  the  ubiquitous  distribution 
of  the  A and  B types  that  they  should  he  absent  from  South  Africa, 
more  especially  when  one  considers  the  wide  distribution  of  the  D 
types.  The  writer  considers  the  types  lie  has  mentioned  as  D and  E, 
to  be  very  closely  related  to  the  American  C type  of  Bengston  (1923) 
and  Graham  and  Boughton  (1923). 
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Figs.  1 and  2.- — Grey-backecl  ducks  showing  symptoms  oi 
botulism. 
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A Note  on  Cory  neb  acterium  ovis  (Bacillus  of 
Preisz  Nocard). 


By  F.  M.  ROBINSON,  M.R.C.Y.S.,  Dr. Med. Yet.,  Senior  Research 

Officer. 


In  a previous  article  the  writer  (1928)  described  an  icterus  of  sheep 
which  could  be  produced  at  will  by  means  of  cultures  of  a particular 
bacterium.  In  a footnote  to  this  article  it  was  mentioned  that 
evidence  had  later  been  obtained  that  this  bacterium  was  closely 
related  to,  if  not  identical  with,  the  Bacillus  of  pseudo-tuberculosis 
in  sheep  (B.  Preisz  Nocard).  The  purpose  of  the  present  article  is 
to  record  the  production  of  icterus  in  sheep  by  means  of  the  Preisz- 
Nocard  bacillus. 

Carre  and  Bigoteau  (1908)  have  recorded  the  fact  that  the 
inoculation  of  this  organism  into  sheep  might  produce 

haemoglobinuria.  Boquet  (1912)  described  the  haemolytic  effect  of 
the  toxin  of  the  organism  on  various  types  of  red  blood  corpuscles. 
In  this  connection  it  may  be  of  interest  to  mention  that  the  writer 
(1928)  was  unable  to  demonstrate  any  haemolytic  effect  of  saline 
suspensions  of  blood  agar  cultures  of  the  organism  of  bacterial  icterus 
on  washed  sheep’s  red  corpuscles  nor  could  the  haemolysin  be 
demonstrated  in  broth  cultures. 

The  observations  in  the  present  note  were  made  as  the  result 
of  an  attempt  to  produce  cases  of  typical  pseudo-tuberculosis  in 
sheep  experimentally  for  the  purpose  of  demonstration  to  students. 
For  this  purpose  two  sheep  were  used,  one  inoculated  intravenously 
and  one  subcutaneously  under  the  skin  of  the  thigh.  The  subsequent 
history  of  these  two  sheep  is  as  follows.  In  each  case  the  material 
used  was  a saline  suspension  of  a blood  agar  culture  four  days  old, 
using  10  e.c.  of  saline  to  a culture.  (Strain  used  was  isolated  from  the 
lung  of  a sheep  six  months  previously.) 

Sheep  (lost  number).  Received  5 e.c.  culture  suspension 
intravenously.  At  the  24th  hour  after  the  inoculation  the  tempera- 
ture had  risen  to  105.8°  F.  The  animal  showed  all  t he  symptoms 
of  an  acute  septicaemia,  i.e.  loss  of  appetite,  extreme  dullness,  etc., 
and  it  died  48  hours  after  inoculation. 

At  the  post-mortem  it  was  noticed  with  surprise  that  the  case 
was  one  of  marked  general  icterus,  as  the  cause  of  death  had  been 
thought  to  be  probably  a simple  bacterial  septicaemia. 

When  opened,  the  sheep  showed  a very  marked  general  icterus 
throughout,  the  fat  being  of  a dee])  yellow  colour.  The  liver  was  a 
deep  chrome  yellow  in  colour,  and  tin*  kidneys  were  enlarged  and 
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showed  a dark  greenish-brown  pigmentation  in  the  cortex.  The 
spleen  was  enlarged  and  the  pulp  swollen,  soft  and  dark  reddish- 
brown  in  colour.  The  case  was  obviously  one  of  acute  bacterial 
icterus  identical  with  those  produced  by  the  organism  of  bacterial 
icterus. 

Sheep  13851.  Received  5 c.c.  culture  suspension  subcutaneously. 
There  was  an  initial  rise  of  temperature  to  105°  F.  on  the  third  day, 
but  it  subsequently  fell  to  normal  to  rise  again  to  105°  F on  the  7th 
and  15th  days,  after  which  it  remained  between  1011°  and  104°  F. 
until  the  sheep  was  killed  on  the  40tli  day.  Ten  days  after  inoculation 
the  lymphatic  glands  at  the  site  of  inoculation  became  enlarged  and 
subsequently  several  nodular  swellings  formed,  about  the  size  of  a 
pea  up  to  that  of  a hazel-nut.  These  nodules  were  firm  in  consistence 
and  gradually  increased  in  size  up  to  the  time  the  animal  was  killed. 
From  the  third  week  after  inoculation  the  sheep  showed  a very  lapid 
loss  of  condition,  so  that  at  the  time  it  was  killed  it  was  so  weak 
that  it  could  hardly  stand.  It  was  thought  that  probably  there 
would  be  internal  lesions  due  to  the  organism,  but  at  the  post-mortem 
these  were  not  found. 

One  may  briefly  summarize  the  results  of  the  post-mortem  by 
saying  that  no  pus  formation  of  any  kind  was  found  except  at  the 
inoculation  site.  The  nodules  there  each  consisted  of  a firm 

greenish-yellow  purulent  material  surrounded  by  a fibrous  capsule. 
From  this  pus  the  organism  was  recovered  in  pure  culture. 

The  carcase  of  the  sheep  showed  emaciation  with  very  marked 
anaemia,  lmt  otherwise  there  were  no  lesions.  The  result  of  this 
inoculation  confirms  the  experience  of  other  workers,  that  one  may 
get  a very  marked  emaciation  in  sheep  as  a result  of  the  presence 
of  lesions  due  to  the  Rreisz  Nocard  organism,  even  when  these 
lesions  are  not  at  all  extensive. 

In  view  of  the  results  obtained  from  the  inoculation  of  these  two 
sheep,  it  was  thought  advisable  to  repeat  the  experiment  but  using 
intravenous  inoculation  only  with  varying  doses. 

Two  sheep  were  inoculated  intravenously  with  a saline  suspen- 
sion of  a four-day-old  blood  agar  culture  of  the  Rreisz  Nocard 
organism  with  the  following  results. 

Sheep  15756.  Received  5 c.c.  intravenously,  the  same  dose  as 
used  for  the  previous  sheep  inoculated  intravenously.  Again  in  this 
case  symptoms  of  an  acute  septicaemia  supervened  and  death  resulted 
in  36  hours.  No  haemoglohinuria  was  noticed  and  the  visible  mucous 
membranes  were  a deep  reddish-brown  just  before  death. 

At  post-mortem  the  lesions  of  icterus  were  not  well  developed 
as  death  occurred  too  soon  after  inoculation. 

Post-Mortem  Report  (Sheep  15756). 

Blood , uncoagulated,  dark  red. 

Subcutis,  fat  with  a yellow  tinge. 

Lungs , marked  hvperaemia.  Bronchi  filled  with  yellowish  foam. 

Liver,  enlarged.  Chocolate  brown  colour.  Uncoagulated  dark 
red  blood  iu  the  veins.  Bile,  dark  green,  fluid. 

Spleen,  pulp  swollen,  reddish  black,  soft  in  consistence. 
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Kidneys,  cortex  dark  reddish-brown  with  a mottled  appearance 
In  the  caecum  and  colon  the  faeces  were  dry  and  of  a dark  brown 
colour.  Bladder,  empty  and  contracted. 

From  this  brief  post-mortem  report  it  will  be  seen  that  the  sheep 
died  of  an  acute  toxaemia  before  marked  lesions  of  icterus  could 
develop. 

Sheep  15755.  Given  1 c.c.  intravenously.  A smaller  dose  was 
pi  veil  in  this  case  to  see  what  results  would  be  produced. 

In  this  case  the  temperature  rose  to  .111-1°  F.  at  the  48th  hour 
after  inoculation.  The  sheep  was  seen  to  be  dull,  not  eating  and  the 
lespiration  was  rapid.  Slight  icterus  was  noticed.  24  hours  later 
the  temperature  had  risen  to  105°  F.  On  examination  of  the  visible 
mucous  membranes  they  showed  a distinct  yellowish-brown  colour. 
The  sheep  was  very  weak  and  died  12  hours  later.  Reddish  black 
urine  was  passed  on  the  last  day  of  life. 

Post-Mortem  Report  (Sheep  15755). 

Blood , reddish  brown,  watery  and  uncoagulated. 

Suhcutis , fat,  lemon  yellow  in  colour. 

Lungs,  marked  hyperaemia  with  injection  of  the  vessels  of  the 
bronchi. 

Heart,  nothing  unusual. 

Liver,  light  greenish  brown  in  colour  on  section.  Centres  of 
the  lobules  show  marked  greenish  brown  pigmentation. 

Spleen,  pulp  greatly  swollen,  reddish  black  in  colour,  and  soft 
in  consistence. 

Kidneys,  cortex  light  brown  in  colour,  malpighian  bodies 
distinct. 

Large  intestine,  dark  brown,  dry  faeces. 

Bladder,  empty. 

From  this  brief  post-mortem  report  and  description  of  the 
symptoms  during  life  it  will  be  seen  that  this  case  was  very  similar 
indeed  to  the  cases  of  so-called  bacterial  icterus  described  by  the 
writer  (1928). 

In  both  conditions  the  symptoms  and  lesions  are  due  to  a sudden 
and  marked  haemolysis. 

Conclusions. — Corynehacterium  oris  (B.  of  Preisz  Nocard)  may 
cause  symptoms  due  to  haemolysis  when  inoculated  intravenouslx 
into  sheep.  When  inoculated  subcutaneously  lesions  associated  with 
progressive  anaemia  may  develop. 
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The  Preparation  of  Contagious  Abortion 
Vaccine  on  Solid  Media. 


By  C.  P.  NESER,  B.A.,  D.Sc.,  M.R.C.V.S.,  Research  Officer, 
Onderstepoort,  Pretoria. 


Contagious  abortion  is  very  widely  spread  in  the  Union  of  South 
Africa,  and  the  number  of  calves  lost  through  it  must  run  into  many 
thousands  annually.  It  is  unfortunate  that  ideal  measures  of  control 
cannot  be  applied  under  the  ranching  and  semi-ranching  conditions  of 
South  Africa. 

For  the  above  reasons  it  became  imperative  to  supply  cattle 
owners  with  some  product  whereby  calf  loss  would  be  reduced  to  a 
minimum.  After  some  experiments  that  need  not  be  cited  here,  it 
was  decided  to  prepare  a vaccine  on  solid  media,  and  to  issue  this  to 
farmers.  It  is  not  the  object  of  this  short  note  to  discuss  the  merits 
of  this  (or  any  other)  vaccine,  but  merely  to  describe  a simple  and 
effective  method  of  preparing'  it.  To  discuss  the  early  difficulties 
encountered  would  serve  no  useful  purpose,  and  only  an  account  of 
the  present  method  of  preparing  contagious  abortion  vaccine  is  there- 
fore given. 

Medium. — The  medium  used  is  that  described  by  Stafseth  (1920), 
which  consists  of  liver  broth  agar,  containing  1 per  cent,  glucose  or 
starch,  and  which  has  a p.H.  of  6.5.  No  gentian  violet  is  added. 
This  medium,  is  sterilized  at  a temperature  not  exceeding  115°  C.  for 
half  an  hour.  If  a higher  temperature  is  used  t lie  sugar  or  starch 
becomes  slightly  charred,  and  then  the  Bacillus  abortus  Bang  will 
grow  but  poorly  if  at  all. 

The  flasks  are  conical  in  shape,  10  inches  in  diameter  at  the  base, 
about  8 inches  high  and  have  a neck  li  inch  long  and  2 inches  in 
diameter.  This  neck  allows  of  the  seeding  and  assembling  tubes  (to 
be  referred  to  later)  being  very  securely  fixed  in  position  by  a tight 
cotton  wool  plug  as  is  shown  in  the  photo. 

The  seeding  tube  (A  in  the  photo)  is  about  1 cm.  in  diameter, 
and  about  4 inches  long.  The  one  end  is  bordered  so  that  a cotton 
wool  plug  can  be  inserted  easily. 

The  assembling  tube  (B  in  the  photo)  is  bent  as  shown  in  the 
photo.  This  tube  is  rounded  off  at  both  ends,  and  in  addition  that 
part  of  it  just  above  the  medium  (b)  is  somewhat  constricted. 

When  these  two  tubes  have  been  securely  plugged  in  position, 
the  cotton  wool  plug  is  held  in  position  by  thick  brown  paper  (as  is 
clearly  shown  in  the  photo).  Plug's  of  cotton  wool  are  now  inserted 
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in  the  ends  of  the  seeding  and  assembling  tubes  respectively,  and 
these  are  in  turn  covered  by  thick  brown  paper.  The  flask  is  now 
sterilized  at  a fairly  low  temperature  in  the  autoclave. 

The  medium  is  heated  to  about  60°  C.  and  800  c.c.  of  it  poured 
into  each  flask.  After  the  plugs  containing  the  seeding  and  assem- 
bling tubes  have  been  inserted  and  properly  secured,  the  flasks  are 
transferred  to  the  autoclave  for  half  an  hour  at  the  specified  tempera- 
ture. The  flasks,  ready  for  seeding,  are  then  placed  in  an  incubator, 
at  87°  C.  for  at  least  two  days,  the  object  being  (1)  to  ensure  that 
only  sterile  flasks  are  seeded,  and  (2)  to  dry  the  medium  somewhat. 

Seeding  is  done  with  a selected  strain  of  Bang’s  bacillus  which 
has  been  grown  on  agar  slants.  Under  aseptic  precautions  about 
10  c.c.  normal  saline  is  added  to  each  slant  which  appears  to  be  a 
pure  culture  of  Bang’s  bacillus.  The  tubes  are  now  rotated  between 
the  fingers  and  a thick  suspension  of  the  organisms  is  obtained.  By 
means  of  an  ordinary  glass  pipette  about  2 c.c.  of  this  suspension  is 
added  to  each  flask  through  the  seeding  tube  (A),  care  being  taken  to 
use  the  flame  freely  but  not  to  overheat  and  destroy  the  organisms. 
After  seeding,  the  cotton  wool  plugs  are  replaced  and  secured  as 
described.  From  any  one  slant  not  more  than  four  flasks  are  seeded. 
In  order  to  ensure  a good  growth  the  whole  of  the  agar  surface  must 
be  moistened  with  the  suspension  of  organisms. 

Incubation  takes  place  in  a specially  constructed  room  kept  at 
87°  C.  by  means  of  an  electrical  device.  No  gas-producing  organisms 
should  lie  in  this  incubator  with  the  contagious  abortion  vaccine,  as 
growth  may  be  retarded  if  not  completely  inhibited.  The  flasks  are 
incubated  from  five  to  seven  days,  and  a massive  growth  is  as  a rule 
obtained.  The  flasks  are  inspected  daily,  and  obviously  contaminated 
ones  are  at  once  removed. 

After  suitable  incubation  the  flasks  are  brought  into  the  main 
laboratory,  and  from  100  c.c.  to  150  c.c.  carbol  saline  is  added 
[through  the  seeding  tube  (A)]  to  each,  according  to  the  growth  of 
organisms  on  the  nutrient  medium.  The  flasks  are  then  shaken  in 
such  a way  that  a slab  of  agar  breaks  off : Thereafter  the  shaking  is 

gentle,  the  broken  piece  of  agar  serving  the  purpose  of  detaching  the 
organisms  from  the  surface  of  the  medium.  Immediately  after  the 
growth  has  been  washed  off,  a smear  is  made,  a long  thin  pipette 
being  introduced  through  the  seeding  tube  to  remove  a small  amount 
of  fluid  for  this  purpose.  The  flasks  and  smears  are  given  correspond- 
ing numbers.  Only  those  flasks  apparently  free  from  contamination 
according  to  the  smear  examination  are  finally  used  to  prepare  the 
vaccine,  the  infected  flasks  being  immediately  removed  and  sterilized. 

Assembling  should  now  be  proceeded  with  at  once.  For  this 
purpose  we  use  (1)  a vacuum  pump  or  ordinary  water  siphon  (not 
shown  in  the  photo) ; (2)  a wire  gauze  filter  which  is  suitably  arranged 
in  a flask.  < )ne  of  the  standard  flasks  is  used.  It  is  fitted  with  a 
rubber  cork  through  which  pass  an  assembling  tube,  a suction  tube 
(S)  and  a receiving  tube  (It),  the  last  two  projecting  about  4 inches 
below  the  cork.  By  means  of  a blunt  rod  the  wire  gauze  is  pushed 
into  the  flask  and  opened  in  the  manner  indicated  in  the  photo  (G) ; 
(8)  a canvas  filter  (c)  which  is  prepared  in  much  the  same  way  a.s  the 
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gauze  filter  with  this  difference  that  the  canvas  hag-  is  tied  tightly 
round  the  receiving  tube  which  is  bordered  to  prevent  slipping;  (4)  a 
large  receiving  flask  (x)  whose  neck  is  tightly  plugged  with  cotton 
wool  through  which  pass  a receiving  tube  (It)  and  a bottling  tube  Y. 

Suitable  lengths  of  thick  rubber  tubing  are  secured  on  the  receiv- 
ing tubes  and  the  bottling  tube.  The  assembling  and  suction  tubes 
are  plugged  with  cotton  wool  and  secured  with  brown  paper  and  string 
as  in  the  case  of  the  culture  flasks.  An  ordinary  glass  stopper  is 
inserted  into  the  free  end  of  every  piece  of  rubber  tubing  leading 
from  (he  assembling  tubes  and  an  ordinary  bottling  piece  attached  to 
the  free  end  of  the  piece  of  rubber  tubing  leading  fiom  the  bottling- 
tube.  These  are  now  covered  with  brown  paper,  which  is  secured  in 
position  by  string.  The  whole  of  the  assembling  apparatus  is 
Sterilized  in  the  autoclave  at  a low  temperature  (high  tempei atures 
cause  the  rubber  tubes  to  perish  rapidly). 

While  the  smears  are  being  stained  the  tubes  of  the  assembling- 
apparatus  are  connected  as  is  shown  in  the  photo.  As  a rule,  however, 
the  tube  (Z)  from  the  water  siphon  is  first  attached  to  the  suction  tube 
8 of  the  gauze  filter,  and  the  rubber  tubing  between  the  gauze  and 
canvas  filter  is  clamped  as  is  shown  in  the  photo  at  I. 

Proceed  as  follows:  Turn  on  (he  water  siphon  or  vacuum  pump, 
and  clamp  the  rubber  tubing  attached  to  the  receiving  tube  as  is  shown 
in  the  photo  at  the  point  2.  The  brown  paper  and  cotton  plug  are 
now  removed  from  the  assembling  tube  (11)  of  the  first  flask,  and  the 
glass  tube  is  kept  sterile  by  freely  using  the  flame  without  overheat- 
ing. The  free  end  of  the  rubber  tubing  leading  from  the  receiving- 
tube  of  the  gauze  filter  is  slipped  over  the  assembling  tube  of  (he 
first  flask,  and  the  clamp  at  2 is  released.  By  tilting  (he  culture  flask 
all  the  fluid  with  the  suspended  organisms  is  sucked  into  the  gauze 
filter,  where  all  the  large  pieces  of  agar  are  arrested.  The  reason  for 
constricting  the  one  end  of  the  assembling  tut  e is  apparent,  because 
very  large  pieces  of  agar  cannot  enter,  and  consequently  obstruction 
in  any  other  part  of  the  tubing  is  avoided.  After  all  (he  fluid  has 
been  drawn  from  the  first  culture  flask  the  clamp  at  (2)  is  again 
tightened  and  the  rubber  tube  is  slipped  over  the  assembling  tube 
of  the  second  flask,  etc. 

When  (he  flask  containing  the  gauze  filter  is  nearly  full  tin* 
siphon  tube  is  attached  to  the  suction  tube  (S)  of  the  flask  containing 
the  canvas  filter,  and  the  damn  (1)  is  released.  1 he  rubber  tube 
leading  from  the  assembling  tube  (B)  of  the  canvas  filter  is  now 
clamped  and  (he  fluid  in  the  gauze  filter  is  sucked  through  the  canvas 
filter.  In  a similar  manner,  but  without  using  the  siphon,  the  suspen- 
sion is  finally  passed  into  the  large  flask  X.  After  the  suspension 
from  all  the  flasks  has  been  collected  in  the  large  flask  the  rubber 
tubing  is  slipped  from  the  assembling  tube  (B)  of  the  canvas  filter 
and  a concentrated  alcoholic 'solution  of  gentian  violet  is  added  so  that 
the  ultimate  dilution  of  this  drug  is  1 in  5,000.  Through  this  same 
tube  40  per  cent,  glycerine  saline  is  then  allowed  to  run  into  t lit* 
flask  X,  until  the  volume  is  exactly  doubled.  The  rubber  tubing  is 
then  securely  clamped  near  the  receiving  tube  of  the  flask  X.  Alter 
a thorough  shaking,  bottling  can  be  proceeded  with  in  the  ordinary 
way. 
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Discussion. 

The  technique  described  is  simple,  and  the  chances  of  the  vaccine 
becoming  contaminated  are  reduced  to  a minimum.  The  fact  that 
Bang’s  bacillus  in  suspension  lives  a very  much  longer  time  than  was 
previously  thought  to  he  the  case  (JNeser,  192G),  enables  us  to  make 
very  large  batches  at  a time  with  the  result  that  the  cost  of  production 
is  reduced  considerably.  Moreover,  it  takes  at  most  a week  to  prepare 
a batch,  and  this  is  a decided  advantage  over  the  method  used  by 
Stockman,  with  his  now  famous  potato  medium  (referred  to  in 
standard  hooks). 

At  one  time  Stockman  did  use  ordinary  agar  and  prepared  a 
vaccine  on  this  medium.  This  method,  however,  for  various  reasons, 
was  later  abandoned  in  favour  of  a method  in  which  a fluid  media 
was  used.  In  order  to  obtain  a heavy  growth  such  flasks  have  to  he 
incubated  for  several  weeks,  and  in  addition  it  is  uncertain  whether 
the  Bacillus  abortus  Bang  will  then  live  as  long  as  when  grown  on 
solid  fairly  dry  agar.  Experience  has  shown  that  the  batches  of 
vaccine  grown  on  fairly  dry  medium  as  described,  are  always  more 
satisfactory  in  that  abscesses  follow  less  frequently  after  inoculation, 
and  the  bacilli  do  not  die  soon. 

It  may  be  stated  that  small  animals  (guinea-pigs)  are  always 
injected  with  a dose  of  2 c.c.  subcutaneously  and  intraperitoneally 
before  a batch  is  issued.  If  peritonitis  or  an  abscess  follows  this  test, 
the  entire  hatch  of  vaccine  is  discarded,  hut  if  the  guinea-pigs  are 
healthy  two  days  later,  the  vaccine  is  issued.  Bottling  usually  takes 
place  after  this  test. 

The  vaccine  is  put  up  in  bottles  in  amounts  of  100  c.c.,  50  c.c., 
20  c.c.,  and  10  c.c.  : the  dose  is  10  c.c.  subcutaneously.  This  small  dose 
is  a great  advantage,  and  probably  accounts  to  some  extent  for  the  fact 
that  users  very  rarely  report  abscesses.  The  bottled  vaccine  is  kept 
in  cold  storage.  If  a batch  is  more  than  a month  old,  a small  bottle 
is  opened,  and  cultures  made,  in  order  to  make  quite  certain  that  live 
vaccine  is  issued. 

Before  issuing  vaccine  we  warn  owners  about  the  danger  in 
connection  with  its  use,  and  whenever  possible  we  first  of  all  make 
quite  certain  that  it  is  contagious  abortion  by  applying  the  agglu- 
tination test.  Certain  users  assure  us  that  the  vaccine,  while  giving 
a good  immunity,  never  brings  about  abortion,  even  if  injected  into 
pregnant  animals.  While  this  statement  cannot  be  acceptable  as 
literally  correct,  there  is  no  doubt  that  the  vaccine  strain  is  very 
much  attenuated,  because  we  never  now  find  any  lesions  in  the  test 
guinea-pigs.  The  agglutination  following  the  use  of  the  vaccine  is  of 
a very  high  order,  and  in  no  way  less  than  that  following  the  use  of 
a virulent  strain  that  always  produces  lesions  in  guinea-pigs. 
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Apparatus  for  preparation  of  contagious  abortion  vaccine  on  solid  media. 

A.  Seeding  tube.  ]?.  Assembling  tube.  S.  Suction  tube.  It.  Receiving 
tube.  G.  Wire  gauze.  C.  Canvas  filter.  X.  Large  receiving  flask.  Y . Mottling 
tube.  Z.  Tube  from  water  siphon. 
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INTRODUCTION. 

Although  in  the  past  the  term  Anthrax  was  used  rather  loosely  for 
different  diseases,  there  seems  to  he  little  doubt  that  the  condition  as 
we  know  it  to-day  has  been  in  existence  since  the  earliest  times. 
In  fact,  several  of  the  ancient  authors  (Homer,  Ovid  and  Pliny)  wrote 
about  a disease  most  probably  identical  with  anthrax.  That  anthrax 
is  a disease  of  primary  significance  may  be  gauged  from  the  fact 
that  it  has  meant  the  death  of  millions  of  animals  as  well  as  many 
thousands  of  human  beings.  The  aetiology  of  the  disease  was  com- 
pletey  unknown  until  Robert  Koch  in  1876  proved  the  significance  of 
the  rod-shaped  organisms  in  the  blood,  subsequently  termed  the 
Bacillus  anthracis.  Shortly  afterwards  Louis  Pasteur  succeeded  in 
producing  a vaccine  against  the  malady.  Since  the  discovery  of  the 
causal  organism,  the  disease  has  received  the  attention  of  hundreds 
of  investigators  from  all  parts  of  the  world,  and  an  enormous  amount 
of  literature  has  been  published.  Even  at  the  present  moment 
research  work  in  connection  with  anthrax  is  being  conducted  on  a 
large  scale,  for,  although  we  possess  valuable  weapons  for  combating 
the  disease,  some  cardinal  points  are  as  yet  unexplained.  As 
examples,  one  may  mention  the  routes  of  infection  in  (lie  different 
classes  of'  animals,  the  pathogenesis  of  the  disease  and  the  biology  of 
the  organism  in  nature  outside  the  animal  body. 

With  reference  to  the  position  of  anthrax  in  South  Africa  up 
to  the  end  of  1924,  Viljoen,  Carson  and  Fourie  have  recently  published 
a detailed  report  in  which  the  occurrence,  diagnosis  and  preventive 
measures  are  fully  discussed.  Previous  to  that  Kehoe  and  others  have 
written  on  the  disease  in  South  Africa. 

In  this  report  is  embodied  the  greater  part  of  the  experimental 
work  carried  out,  and  tin1  observations  made  by  the  writer  during  the 
years  1925  to  1928,  while  working  in  the  Anthrax  Section  of  the 
Veterinary  Research  Laboratory,  Onderstepoort. 

It  is  a well-known  fact  that  apart  from  the  actual  destruction  of  all 
anthrax-infected  material,  the  active  immunization  of  animals  against 
the  disease  is  by  far  the  most  effective  means  we  possess  of  eradicating 
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it.  For  this  purpose  three  main  types  of  vaccine  are  used,  more  or 
less  exclusively,  all  over  the  world : — 

(а)  Broth  cultures  containing  the  living  but  much  weakened 
or  attenuated  vegetative  forms  of  the  Bacillus  anthracis. 
This  vaccine  was  first  introduced  by  Louis  Pasteur,  and 
is  still  used  extensively  in  certain  countries.  It  is 
generally  prepared  as  a double  vaccine,  the  first  inocula- 
tion being  made  with  a weaker  vaccine  which  produces 
the  ground  immunity,  while  the  second,  which  is  stronger, 
is  considered  to  enhance  the  immunity. 

(б)  Anthrax  Spore  Vaccine. — This  vaccine,  which  is  now 

favoured  in  many  countries,  is  of  comparatively  recent 
introduction,  although  based  on  the  same  principle  as 
that  employed  for  the  Pasteur  vaccine,  i.e.  the  utilisation 
of'  attenuated  living  organisms.  It  differs,  however,  in 
that  the  more  resistant  spores  of  the  attenuated  vegetative 
forms  are  used  rather  than  the  bacilli  themselves.  Vegeta- 
tion of  the  spores  in  the  vaccine  is  prevented  by  suspend- 
ing these  in  various  preservatives,  e.g.  glycerinised  saline. 
By  this  procedure  the  keeping  qualities  as  well  as  the 
uniformity  of  the  vaccine  are  markedly  improved,  while 
the  immunity  conferred  is  in  no  way  inferior  to  that  pro- 
duced by  the  Pasteur  vaccine. 

(c)  Sero-vaccination  as  advocated  by  Sobernheim. — This 
method,  which  is  extensively  used  in  certain  European 
countries  as  well  as  in  South  America,  consists  of  a 
simultaneous  injection  of  anthrax  immune  serum,  together 
with  attenuated  anthrax  cultures.  The  immune  serum 
produces  an  immediate  passive  immunity,  while  the  effect 
of  the  living  but  attenuated  organisms  is  considered  to  be 
a rapid  replacement  of  the  passive  by  a solid  active 
immunity  against  anthrax. 

Further,  it  may  be  briefly  mentioned  that  a fourth  method 
of  preventive  and  curative  inoculation  exists,  viz.  by  means  of 
hyperimmune  anthrax  sera  alone,  the  use  of  which,  however,  is 
markedly  limited  in  comparison  with  the  above-mentioned  vaccines, 
and  the  immunity  conferred  of  a purely  passive  and  transitory  nature. 

Although  the  three  types  of  vaccine  mentioned  are  extensively 
used,  and  generally  with  good  results,  several  investigators,  such  as 
Bail,  have  from  time  to  time  been  engaged  in  an  endeavour  to 
demonstrate  the  presence,  and  value  as  actively  immunizing  agents, 
of  non-living  metabolic  products  of  the  anthrax  organism,  elaborated 
either  artificially  in  vitro  or  in  tlie  animal  body.  It  may  be  stated 
that  up  to  the  present  the  results  of'  these  researches  have  been  most 
conflicting;  e.g.  some  authors  claim  to  have  demonstrated  definitely 
toxic  action  of  these  products,  while  others  have  failed  to  do  so. 
Similarly  in  some  cases  active  immunity  seemed  to  have  been  provoked, 
while  in  other  cases  the  results  were  clearly  disappointing.  Should 
it,  however,  be  clearly  demonstrated  that  the  anthrax  bacillus  is 
capable  of  elaborating  a potent  immunizing  substance  comparable 
to  the  so-called  “ aggressin  " of'  black-quarter,  it  would  indeed  be  of" 
inestimable  value  in  fighting  the  disease. 
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However  efficient  our  present  anthrax  vaccines  may  he,  it  should 
always  be  borne  in  mind  that  the  wholesale  inoculation  with  live 
organisms,  although  attenuated,  is  far  from  ideal,  since  they  are 
directly  derived  from  the  dangerously  virulent  organism,  the  biology 
of  which  is  not  completely  known.  Further,  it  may  be  noted 
that  some  difficulty  is  experienced  in  immunizing  certain  classes  of 
animals,  e.g.  goats,  which  are  very  susceptible  to  anthrax  and  may 
die  as  the  result  of  vaccination,  while  horses  are  peculiarly  susceptible 
to  the  development  of  subcutaneous  swellings  following  on 
vaccination. 

During  the  course  of  the  last  few  years,  what  is  described  as 
“ true  Anthrax  aggressin  ” has  appeared  on  the  market,  and  com- 
plete safety  and  strong  immunizing  properties  are  claimed  for  it. 

The  object  of  the  experimental  work  carried  out  by  the  author 
was  as  follows:  — 

(a)  To  attempt  the  production  of  a non-living  yet  efficient 
immunizing  substance  against  anthrax. 

( b ) To  compare  the  relative  values  of  different  methods  of 
immunization  with  anthrax  spore  vaccine.  The  latter 
experiments  were  conducted  mainly  with  the  view  of 
ascertaining  the  value  of  cuti-vaccination,  as  advocated 
by  Besredka  and  others,  in  comparison  with  the  methods 

• usually  employed  in  South  Africa. 

The  work  is  presented  in  several  sections  and  discussed  under  the 
following  titles.  Tables  and  protocols  of  experiments  are  included 
in  the  text  in  preference  to  placing  them  together  in  a special 
appendix. 

1.  Species  susceptibility  and  immunity. 

The  selection  of  experimental  animals. 

2.  Anthrax  cultivation  experiments. 

(a)  Attenuation  of  virulent  strains. 

(b)  Experiments  with  disintegrated  cultures. 

(c)  Experiments  with  washed  cultures. 

3.  Production  of  immunizing  or  toxic  substances. 

(a)  Artificial  in  vitro  experiments. 

( b ) Natural,  hi  the  animal  body. 

4.  Comparative  safety  and  immunity  experiments  with 
anthrax  spore  vaccine. 

5.  Summary  and  general  discussion. 

6.  Conclusions. 

7.  Bibliography. 

1.  SPECIES  SUSCEPTIBILITY  AND  IMMUNITY. 

The  Selection  of  Experimental  Animals. 

Numerous  investigators,  including  Sobernheim,  Baumgarten, 
Loffler,  Metchnikoff,  and  K.  Muller,  have  pointed  out  the  fact  that 
different  species  of  animals  exhibit  marked  variations  in  I In*  degree  of 
susceptibility  to  anthrax  both  under  natural  and  artificial  conditions. 
Even  in  the  same  class  of  animal  these  differences  are  frequently 
observed,  e.g.  whereas  poultry  show  marked  resistance,  Robert  son 
found  the  ostrich  peculiarly  susceptible  to  the  disease.  According 
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to  K Muller,  the  different  species  of  rats  exhibit  marked  variations 
in  susceptibility  to  anthrax.  Carnivorous  animals  are  as  a general 
rule  far  more  resistant  than  herbivora.  Furthermore,  differences  may  be 
demonstrated  in  one  and  the  same  species  of  animal  when  kept  under 
different  conditions.  It  has  frequently  been  observed  that,  although 
such  animals  as  cattle  and  horses  are  markedly  susceptible,  and  may 
die  in  large  numbers  from  anthrax  naturally  contracted,  it  is  with 
great  difficulty  that  a fatal  artificial  infection  can  be  brought  about 
either  by  enternal  or  parenteral  administration  of  virulent  anthrax 
material.  As  a result  of  our  incomplete  knowledge  as  to  the  natural 
routes  of  infection,  this  peculiar  phenomenon  is  still  a mystery. 
On  the  other  hand  may  be  mentioned  the  ease  with  which  sheep, 
goats  and  most  laboratory  animals  can  be  fatally  infected. 

With  reference  to  immunity,  as  has  been  mentioned  before,  cer- 
tain species  of  animals  exhibit  a marked  inherent  resistance  to  the 
disease,  while  most  of  the  susceptible  species  can  be  successfully 
immunized  by  the  use  of  reliable  vaccines. 

d’llerelle  expressed  the  opinion  that  the  study  of  immunity  in 
artificially  produced  infectious  diseases  does  not  permit  one  to  assume 
that  the  same  conditions  will  prevail  in  natural  circumstances.  This 
point  is  of  great  significance  and  should  not  be  lost  sight  of. 

Among  the  various  susceptible  species,  however,  notable  excep- 
tions are  encountered.  Before  any  immunity  work  on  anthrax  is 
carried  out,  it  is  essential  that  these  points  be  clearly  realized,  and 
it  is  for  this  reason  that  this  aspect  is  particularly  stressed.  Thus 
it  may  happen  that  experiments  carried  out  on  certain  animal  species 
which  are  markedly  susceptible  hut  difficult  to  immunize  may  result 
in  totally  wrong  conclusions  being  drawn.  Many  of  the  conflicting 
results  obtained  by  different  workers  may  probably  be  ascribed  to  the 
different  types  of  animals  used. 

The  ideal  species  of  animal  to  be  used  in  immunity  experiments 
would  obviously  be  one  showing  a practically  constant  and  well 
marked  susceptibility  to  artificial  infection  combined  with  the  quality 
of  developing  a solid  immunity  after  vaccination.  It  is  intended 
to  discuss  briefly  the  more  common  domesticated  animals  from  this 
point  of  view. 

(a)  The  Common  Laboratory  Animals. — Of  these  may  he  men- 
tioned the  white  rat,  white  mouse,  the  guineapig  and  the  rabbit. 
Among  these  animals,  it  is  exceedingly  rare  for  a spontaneous  out- 
break of  anthrax  to  occur,  although  all  are  easily  infected  artificially 
except  the  white  rat,  which  exhibits  a strong  natural  immunity. 
White  mice  may  be  killed  even  by  very  weak  vaccines.  Should 
they  survive  vaccination,  the  degree  of'  immunity,  if  any  be 
developed,  is,  however,  negligible.  Similarly  guineapigs,  which 
are  extremely  susceptble  even  to  weak  strains,  are  particularly 
difficult,  and  perhaps  impossible,  to  immunize,  and  hence  great 
care  should  be  exercised  in  drawing  conclusions  from  any  immunity 
experiments  carried  out  on  these  animals.  Rabbits,  which  are 
markedly  susceptible  to  virulent  but  less  so  to  vaccine  strains, 
may  develop  a certain  degree  of  immunity  which,  however,  is  weak 
and  always  unreliable.  Although  these  points  are  vaguely  known, 
they  are  not  fully  appreciated,  with  the  result  that  erroneous  con- 
clusions may  be  arrived  at. 
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(/;)  Goats. — The  animals  here  referred  to  comprise  the  domesti- 
cated species  indigenous  to  South  Africa.  These  animals  exhibit 
a well-marked  susceptibility  both  to  natural  and  artificial  infection 
with  anthrax.  Deaths  may  occur  at  times  even  from  the  use  of  weak 
vaccines.  The  immunity  developed,  although  as  a rule  fairly  strong, 
is  inclined  to  be  inconsistent. 

(c)  Sheep. — Although  under  natural  conditions  outbreaks  of 
anthrax  appear  to  be  less  frequent  than  among  cattle,  merino  sheep 
exhibit  a well-marked  and  practically  uniform  susceptibility  to 
artificial  infection  with  virulent  material.  At  the  same  time  the 
losses,  even  from  strong  vaccine,  are  very  small,  while  a solid  and 
reliable  immunity  is  developed. 

(d)  Cattle. — Under  natural  conditions  cattle  are  perhaps  more 
subject  to  anthrax  than  any  other  species  of  animal,  although  great 
difficulty  may  be  experienced  in  attempting  to  kill  them  by  means 
of  artificial  infection.  That  a strong  immunity  has  been  developed 
after  vaccination  can  only  be  ascertained  by  the  effective  stoppage 
of  an  active  outbreak. 

(e)  Horses. — These  animals  show  a peculiar  susceptibility  to 
anthrax  under  natural  conditions.  Definite  symptoms,  generally  of 
a subacute  or  even  chronic  nature,  may  be  noted,  the  chief  of  which 
are  the  large  oedematous  swellings  in  the  subcutis  of  certain  regions 
of  the  body. 

The  results  of  artificial  infection,  however,  are  most  inconsistent. 
Thus  it  frequently  happens  that  animals  withstand  even  large 
injections  of  virulent  material.  On  the  other  hand  alarming  swellings 
may  follow  the  injection  of  small  doses  of  weak  vaccine.  This 
phenomenon  is  as  yet  unexplained. 

To  substantiate  the  above  views  frequent  examples  will  be  men 
tinned  in  the  text. 

It  will  thus  be  clear,  firstly,  that  although  the  small  laboratory 
animals  are  markedly  susceptible  to  artificial  infection,  the  subse- 
quent immunity  developed  in  surviving  cases  as  tested  with  more 
virulent  material  is  unreliable;  secondly,  susceptible  cattle  and  horses 
withstand  virulent  artificial  infection  in  a large  percentage  of  cases. 
It  thus  becomes  exceedingly  difficult  to  ascertain  the  degree  of 
immunity  developed  after  vaccination  as  subsequently  tested  with 
fully  virulent  material. 

From  the  numerous  immunity  experiments  conducted,  it  was 
clearly  evident  that  only  in  very  few  species  could  reliable  information 
be  obtained  as  to  the  actual  degree  of  immunity  developed.  For  this 
purpose  merino  sheep  were  found  to  yield  by  far  the  most  constant, 
and  reliable  results,  and  consequently  practically  all  the  immunity 
work  was  carried  out  on  this  species.  To  a lesser  extent  goats  were 
also  used. 

On  account  of  the  wholesale  inoculation  of  farm  animals 
in  South  Africa  against  anthrax,  attention  had  to  be  paid  to  the 
source  of  experimental  animals.  As  anthrax  was  of  uncommon 
occurrence  in  the  Karroo,  and  hence  practically  no  animals  were 
vaccinated  there  against  anthrax,  most  of  the  susceptible  experimental 
sheep  and  goats  were  derived  from  that  region.  Such  animals 
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generally  show  a well-marked  and  practically  constant  susceptibility 
to  artificial  infection. 

Horses  were  used  only  for  the  purpose  of'  noting  the  severity  of 
clinical  symptoms  following  different  methods  of  vaccination. 

The  small  laboratory  animals  were  extensively  used  mainly  to 
ascertain  the  degree  of  virulence  of  anthrax  material,  both  unatten- 
uated and  vaccine  strains.  Further  these  animals  were  used  for  the 
purpose  of  testing  the  toxicity  of  different  non-living  anthrax  pro- 
ducts. 

Except  in  a few  particular  cases,  cattle  were  not  included  in 
these  experiments,  on  account  of  the  difficulty  experienced  in  killing 
noil-vaccinated  controls  with  virulent  material. 


2.  ANTHRAX  CULTIVATION  EXPERIMENTS. 

(a)  Attenuation  of  Virulent  Strains. 

Toussaint  was  the  first  to  notice  a decrease  in  the  virulence  of 
anthrax  organisms  in  infected  blood  when  exposed  for  short  periods 
to  higher  temperatures  than  the  optimal.  Through  the  researches 
of  Pasteur,  Chamberland  and  Roux,  a method  was  devised  for  the 
gradual  attenuation  of  the  anthrax  organism  in  artificial  media.  By 
cultivating  the  B.  anthracis  in  sterile  bouillon  at  42°  C.  for  long 
periods,  a progressive  decrease  in  virulence  was  brought  about.  It 
was  thus  found  that  such  cultures  first  become  avirulent  for  rabbits, 
later  for  guineapigs,  and  eventually  also  for  white  mice.  Although 
avirulent,  these  organisms  were  found  to  confer  an  immunity  against 
fully  virulent  cultures.  This  formed  the  basis  for  the  famous  Pasteur 
Anthrax  Vaccine.  Although  at  the  present  day  numerous  other 
anthrax  vaccines  are  also  in  use,  the  principle  of  attenuation  by  pro- 
longed incubation  at  higher  temperatures  is  still  maintained  in 
practically  every  instance.  Various  other  methods  have  been 
described  for  the  attenuation  of  the  B.  anthracis,  although  apparently 
without  any  distinct  advantage  over  the  Pasteur  method.  Preisz  drew 
attention  to  the  possibility  of  an  unequal  attenuation  of  different 
anthrax  strains,  and  even  of  individual  organisms. 

According  to  Koch,  Graffkv  and  Loftier,  the  passage  of  attenuated 
vaccine  strains  through  experimental  animals  does  not  enhance  the 
virulence  of  such  strains  except  perhaps  where  the  original  virulent 
organisms  were  attenuated  very  rapidly  in  a short  time,  i.e.  gradual 
attenuation  leads  to  the  production  of  vaccine  strains  showing  greater 
constancy.  From  recent  investigations  Schilling  claims  to  have 
shown  that  anthrax  organisms  could  lie  attenuated  by  growing  on 
5 per  cent,  sodium  chloride  agar  for  six  weeks.  Rabbits  could  he 
successfully  and  safely  immunized,  and  afterwards  withstood  virulent 
anthrax  cultures  which  regularly  killed  susceptible  controls.  The 
same,  however,  could  not  be  established  for  guineapigs. 

Attenuation  of  several  virulent  anthrax  strains  was  attempted  in 
different  ways.  Pure  agar  cultures  were  obtained  from  six  strains 
of  virulent  anthrax  from  different  parts  of  South  Africa.  All  these 
were  definitely  proved  to  he  lethal  to  guineapigs  and  rabbits.  Attenu- 
ation was  commenced  by  inoculating  broth  tubes  with  the  pure 
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strains  and  consistently  incubating  these  at  42°  C.  Injections  into 
gupieapigs  24  to  48  hours  afterwards  confirmed  the  virulence  noted 
in  the  first  instance.  After  incubating  for  25  days,  subcultures  on 
to  nutrient  agar  were  made  every  5 days,  incubated  at  37°  C.  for 
3-4  days,  sealed  and  kept  at  room  temperature  for  further  use.  This 
was  continued  until  all  the  strains  had  been  incubated  at  42°  C. 
up  to  a period  of  90  days.  Following  this,  so-called  “ test  batches  ” 
were  prepared  from  several  selected  agar  tubes  representing  different 
periods  of  attenuation.  Young  broth  cultures  with  seed  material 
obtained  from  the  agar  slants,  were  sown  on  to  the  thin  layers  of 
nutrient  agar  contained  in  large  flat-bottomed  Fernbach  flasks  and 
incubated  at  37°  C.  Growth  and  sporulation  were  noted  daily. 
Generally,  after  4 or  5 days,  sporulation  was  practically  complete. 
The  growth  was  then  removed  by  pouring  small  amounts  of 
sierile  normal  saline  on  to  the  surface,  together  with  a few 
sterile  glass  beads.  By  gentle  tilting  of  the  flasks,  the  growth 
became  dislodged.  This  was  carefully  decanted  into  sterilized 
flasks  and  an  equal  weight  of  pine  glycerine  added.  This 

formed  the  concentrated  glycerinised  spore  emulsion  with  which 
all  further  tests  were  conducted.  Glycerine  was  found  to 
preserve  the  spores  and  prevent  vegetation.  By  this  procedure 
spore  emulsions  were  found  to  maintain  a uniform  ■strength  for 
very  long  periods.  Subsequently  the  degree  of  virulence  of 

these  experimental  vaccines  was  tested  on  guineapigs  and  rabbits 
by  subcutaneous  injections  of  various  dilutions  made  in  normal 
saline.  The  immunizing  properties  were  afterwards  ascertained 
by  vaccination  of  sheep  and  goats,  but  only  i n those  cases 
where  rabbits  survived  the  injection.  When  rabbits  died 
from  the  vaccine,  it  was  generally  found  to  cause  death 

in  a fair  percentage  of  the  sheep  and  goats.  The  degree  of  immunity 
developed  in  the  sheep  and  goats  were  subsequently  tested,  after  14  to 
21  days,  by  the  subcutaneous  injection  of  a virulent  glycerinised  spore 
emulsion  of  known  strength.  4 his  was  prepared  in  the  same  way  as 
described  for  the  test  batches.  By  previously  conducted  experiments 
the  minimal  lethal  dose,  referred  to  as  the  Hf.L.I).,  for  sheep  was 
accurately  determ  i ned . 

The  testing  of  virulent  spore  emulsion  was  carried  out  periodi- 
cally and  the  M.L.D.  fixed.  Diagnosis  of  anthrax  was  made  by  the 
microscopic  examination  of  blood  or  spleen  smears  taken  from  dead 
animals.  Where  these  proved  to  be  negative,  broth  cultures  made 
from  the  spleen,  were  injected  into  white  mice  and  I lie  result  noted. 

The  following  experiments  will  serve  to  demonstrate  (lie 
variations  in  safety  and  immunizing  properties  of  different  lest 
batches : — 


EXPERIMENT  1. 

Strain  A,  attenuated  50  dans. 

1 rabbit  injected  .1  c.c.  glycerine  emulsion — dead  in  4 days 
Anthrax. 

1 guineapig  injected  .1  c.c.  emulsion — dead  in  3 days  Anthrax. 
] guineapig  injected  .01  c.c.  emulsion — dead  in  3 days  Anthrax. 
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Strain  A,  attenuated  70  days. 

1 rabbit  injected  .1  c.c.  emulsion — remained  alive. 

1 guineapig  injected  .1  c.c.  emulsion — dead  in  4 days  Anthrax. 
1 guineapig  injected  .Olc.c.  emulsion — dead  in  -3  days  Anthrax. 
1 guineapig  injected  .001  c.c.  emulsion — dead  in  4 days  Anthrax. 
As  the  rabbit  remained  alive  this  batch  was  tested  out  on  sheep 
and  goats. 


Animal. 

Date 

Vaccine, 

18/8/25. 

Result. 

Date  Virulent 
Spores, 
8/9/25. 

Result. 

c.c. 

M.L.D. 

Sheep  11324 

0-02 

— 

500 

Alive. 

7349 

0-02 

— 

500 

,, 

11022 

0-01 

— 

500 

Dead,  15/9/25, 
Anthrax. 

11217 

0-01 

— 

250 

Alive. 

Goat  1 1 850 

0-02 

— 

250 

„ 11856 

0-01 

Dead,  29/8/25, 
Anthrax 

One  goat  is  noticed  to  have  died  from  anthrax  after  vaccination, 
w bile  in  the  immunity  test  one  of  the  sheep  succumbed  from  anthrax. 

Strain  A,  attenuated  80  days — Single  Colony. 

1 rabbit  injected  .1  c.c.  emulsion — remained  alive. 

1 guineapig  injected  .1  c.c.  emulsion — dead  in  5 days  Anthrax. 
1 guineapig  injected  .01  c.c.  emulsion — dead  in  3 days  Anthrax. 
1 guineapig  injected  .001  c.c.  emulsion — remained  alive. 

This  was  again  tested  on  sheep  and  goats  as  follows: — - 


Animal. 

Date 

Vaccine, 

2/12/25. 

Result. 

Date  Virulent 
Spores, 
18/12/25. 

Result, 

C.C. 

M.L.D. 

Sheep  9005 

0-02 

— 

500 

Lived. 

,,  8865 

0-01 

— 

250 

,, 

Goat  1 403 1 

0-02 

— 

500 

,, 

„ 14024 

0-01 

250 

It  is  seen  that  this  particular  batch  was  both  safe  for  sheep  and 
goats  and  conferred  a good  immunity,  protecting  against  as  much  as 
500  M.L.D. 


Strain  A,  attenuated  80  days. 

From  the  same  tube  that  the  above  batch  was  made,  another  was 
prepared,  only  that  a different  colony  was  selected  from  the  agar 
plate. 

1 rabbit  injected  .1  c.c.  emulsion — remained  alive. 

1 guineapig  injected  A c.c.  emulsion — dead  in  5 days  Anthrax. 
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1 guineapig  injected  .01  c.c.  emulsion — dead  in  5 days  Anthrax. 
1 guinea  pig  injected  .001  c.c.  emulsion — dead  in  5 days  Anthrax. 
Note: — In  this  case  the  .001  c.c.  killed,  while  in  the  previous 
hatch  the  guineapig  remained  alive. 


Animal. 

Date 

Vaccine, 

2/12/25. 

Result. 

Date  Virulent 
Spores, 
18/12/25. 

Result. 

C.C. 

M.L.D. 

Sheep.  10647 

0-02 

— 

1,000 

Alive. 

10724 

0-01 

— 

500 

„ 

Goat  14032 

0-02 

Dead,  5/12/25, 
Anthrax 

— 

— 

„ 14020 

0-01 

Dead,  6/12/25, 
Anthrax 

In  this  case  the  vaccine  prepared  from  a different  colony  is  highly 
virulent  for  guineapigs  and  goats,  although  it  is  safe  for  sheep  and 
confers  a strong  immunity.  This  clearly  demonstrates  the  unequal 
attenuation  of  different  organisms  although  of  the  same  strain  and  in 
the  same  tube. 


EXPERIMENT  2. 

Strain  B.  attenuated  50  days. 

1 rabbit  injected  .1  c.c.  emulsion — remained  alive. 

1 guineapig  injected  .1  c.c.  emulsion — remained  alive. 

1 guineapig  injected  .01  c.c.  emulsion — dead  in  7 days  Anthrax. 
1 guineapig  injected  .001  c.c.  emulsion — remained  alive. 

This  is  obviously  a very  weak  vaccine.  Tested  out  on  sheep  and 
goats,  it  gave  the  following  peculiar  results:- — 


Animal. 

Date 

Vaccine, 

26/10/25. 

Result. 

Date  Virulent 
Spores, 
9/11/25. 

Result. 

Sheep  12249 

C.C. 
0 02 

M.L.D. 

500 

Dead,  14/11/25, 

„ 9524 

0-01 

250 

Anthrax. 

Dead,  12  11/25, 

Goat  1 1 859 

0-02 

_ 

250 

Anthrax. 

Alive. 

„ 11854 

0-01 

“ 

100 

In  this  case,  the  vaccine,  besides  being  safe  for  sheep  and  goats, 
immunized  the  two  goats,  while  the  two  sheep  readily  succumbed  to 
the  immunity  test. 


Strain  B,  attenuated  75  days. 

1 rabbit  injected  .1  c.c.  emulsion — dead  in  7 days  Anthrax. 

1 "uineapig  injected  .1  c.c.  emulsion — dead  in  5 days  Anthrax. 
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1 guineapig  injected  .001  c.c.  emulsion — dead  in  4 days  Anthrax. 

1 guineapig  injected  .01  c.c.  emulsion — dead  in  3 days  Anthrax. 

This  batch  is  markedly  virulent  although  the  strain  was 
attenuated  for  75  days.  It  would  appear  that  the  colony  from  which 
it.  was  prepared  was  formed  from  an  organism  in  which  no 
attenuation  had  taken  place.  It  was  not  tested  on  sheep  .since  it 
killed  the  rabbit. 

In  this  way  no  less  than  65  test  batches  were  prepared  from 
different  attenuations,  selecting  different  colonies  of  the  six  strains. 
These  were  all  tested  out  on  rabbits  and  guineapigs  and  when  promis- 
ing, also  on  sheep  and  goats.  Of  these  not  more  than  four  could  be 
considered  of  any  value  as  reliable  vaccine  strains.  In  numerous 
cases  either  the  vaccine  killed  or  in  the  surviving  animals  immunity 
was  absent  or  weak. 

It  was  clearly  evident  that  the  production  of  a reliable  vaccine 
strain,  i.e.  one  in  which  safety  and  immunity  were  combined, 
depended  on  at  least  two  factors,  viz.  : (a)  the  strain  itself,  (b) 

individual  organisms  comprising  the  strain.  Some  strains  proved  to 
be  altogether  useless,  while  in  other  strains  certain  colonies  yielded 
excellent  test  batches. 

In  some  cases  it  was  found  necessary  to  attenuate  up  to  90  days 
before  the  requisite  attenuation  was  reached,  while  with  other  strains 
attenuation  for  45  days  proved  sufficient.  It  seemed  definite  that 
no  fixed  period  could  be  prescribed  for  attenuation,  and  that  constant 
testing  out  on  animals  was  the  only  reliable  way  of  obtaining  a suit- 
able vaccine  strain. 

It  was  then  decided  to  attempt  the  attenuation  of  a virulent 
anthrax  strain  by  prolonged  cultivation  in  a number  of  different 
liquid  media.  This  strain,  which  was  known  to  be  markedly  virulent 
m the  original  state,  had  been  attenuated  previously  by  other  means, 
yielding  an  excellent  vaccine  strain.  The  special  media  were  pre- 
pared in  the  same  way  as  ordinary  nutrient  broth,  except  that  various 
other  materials  were  substituted  for  the  minced  beef.  The  sterile 
medium  contained  in  a litre  flask  was  inoculated  with  5 c.c.  of  a 
24-hour  broth  culture  of  the  virulent  strain,  and  incubated  for  30 
days  at  a temperature  of  37°  C.  Guineapigs  and  rabbits  were  then 
inoculated  subcutaneously  with  varying  amounts  of  the  culture  and 
the  results  noted. 


EXPERIMENT  3. 

Controls.  Virulent  Anthrax  24  hour  broth  culture. 
1 rabbit  injected  .5  c.c. — dead  in  3 days  Anthrax. 

1 guineapig  injected  .5  c.c. — dead  in  2 days  Anthrax. 

1 guineapig  injected  .25  c.c. — dead  in  2 days  Anthrax. 

Controls.  Virulent  Anthrax  30  day  broth  culture. 
1 rabbit  injected  .5  c.c. — dead  in  4 days  Anthrax. 

1 guineapig  injected  .5  c.c. — dead  in  3 days  Anthrax. 

1 guineapig  injected  .25  c.c. — dead  in  2 days  Anthrax. 
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A.  Virulent  Anthrax  in  Pea  hrotli  for  30  days. 

(Ordinary  dry  peas  were  used.) 

1 rabbit  injected  .5  c.c. — dead  in  4 days  Anthrax. 

1 guinea  pig  injected  .5  c.c. — dead  in  2 days  Anthrax. 

1 guineapig  injected  .25  c.c. — dead  in  2 days  Anthrax. 

B.  V irulent,  Anthrax  in  Bean  broth  for  30  days. 

(Ordinary  dry  beans  were  used.) 

1 rabbit  injected  .5  c.c. — dead  in  5 days  Anthrax. 

1 guineapig  injected  .5  c.c. — dead  in  2 days  Anthrax. 

1 guineapig  injected  .25  c.c. — dead  in  2 days  Anthrax. 

C.  Virulent  Anthrax  in  ordinary  broth  + whole  eyy  for  30  days. 

1 rabbit  injected  .5  c.c. — dead  in  5 days  Anthrax. 

1 guineapig  injected  .5  c.c. — dead  in  2 days  Anthrax. 

1 guineapig  injected  .25  c.c. — dead  in  2 days  Anthrax. 

D.  1 irulent  Anthrax  in  Chicken  muscle  broth  for  30  days. 

1 rabbit  injected  .5  c.c. — dead  in  5 days  Anthrax. 

1 guineapig  injected  .5  c.c. — dead  in  2 days  Anthrax. 

] guineapig  injected  .25  c.c. — dead  in  2 days  Anthrax. 

E.  VB  ulent  Anthrax  in  Day  muscle  broth  for  30  days. 

1 rabbit  injected  .5  c.c. — dead  in  3 days  Anthrax. 

1 guineapig  injected  .5  c.c. — dead  in  3 days  Anthrax. 

1 guineapig  injected  .25  c.c. — dead  in  4 days  Anthrax. 

F.  Virulent  Anthrax  in  Potato  broth  for  30  days. 

1 rabbit  injected  .5  c.c. — dead  in  4 days  Anthrax. 

1 guineapig  injected  .5  c.c. — dead  in  4 days  Anthrax. 

1 guineapig  injected  .25  c.c. — dead  in  2 days  Anthrax. 

G.  Virulent  Anthrax  in  ordinary  broth  + 10  per  cent.  Anthrax 
hyperimmune  Donley  serum  for  30  days. 

1 rabbit  injected  .5  c.c. — dead  in  5 days  Anthrax. 

1 guineapig  injected  .5  c.c. — dead  in  2 days  Anthrax. 

1 guineapig  injected  .25  c.c. — dead  in  3 days  Anthrax. 

It  is  thus  seen  that,  out  of  a total  of  27  animals  injected  with  the 
same  amounts  of  different  anthrax  cultures,  not  a single  one  survived, 
showing  that  practically  no  attenuation  had  taken  place  in  any  of 
the  flasks.  The  incubation  was  stopped  at  30  days,  since  after  this 
period  attenuation  might  have  been  expected  even  in  Hie  plain  broth 
control  cultures.  From  these  experiments  it  was  evident  that  by 
cultivating  virulent  anthrax  organisms  in  these  various  media, 
attenuation  was  brought  about  no  sooner  than  in  ordinary  broth. 

Attempted  attenuation  by  freezing  and  thawing. 

As  a third  method  of  attenuating  virulent  anthrax  cultures  it 
was  decided  to  attempt  this  by  repeatedly  freezing  and  thawing  of 
the  cultures.  For  this  purpose  a small  apparatus  was  constructed, 
consisting  of  two  tubes  (dosed  at  one  end  made  out  of  galvanized 
iron  and  suspended  one  within  the  other.  A small  inlet  in  the  outer 
tube  was  connected  with  a cylinder  containing  carbon  dioxide  under 
high  pressure.  A saline  emulsion  consisting  of  a 12  hour  agar  growth 
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of  virulent  anthrax  organisms  was  placed  in  the  inner  tube.  Opening 
of  the  cyclinder  caused  the  rapid  escape  of  Co2  from  between  the  two 
tubes.  This  resulted  in  almost  immediate  freezing  of  the  emulsion. 
After  being  frozen  for  10  minutes  the  inner  tube  was  removed  and 
quickly  steeped  into  water  at  90°  ('.  This  caused  rapid  thawing  inside 
the  tube.  As  soon  as  liquefaction  was  complete  the  freezing  was 
repeated.  Subcultures  on  nutrient  agar  were  made  after  every 
alternate  freezing  and  incubated  at  -37°  C.  This  freezing  and  thaw- 
ing was  continued  24  times  in  succession.  After  incubating  the  agar 
subcultures  for  24  hours,  approximately  equal  amounts  of  growth 
(one  platinum  loopful)  were  removed  and  suspended  in  definite 
amounts  of  saline.  This  was  subsequently  injected  into  guineapigs 
and  rabbits  with  the  following  results:- — 

EXPERIMENT  4. 

Virulent  Control. — 24  hour  old  virulent  agar  culture,  one  loopful 
suspended  in  10  c.c.  saline. 

1 rabbit  injected  1 c.c.  emulsion — dead  in  -3  days  Anthrax. 

1 guineapig  injected  1 c.c  emulsion — dead  in  3 days  Anthrax. 

1 guineapig  injected  .1  c.c.  emulsion — -dead  in  3 days  Anthrax. 

Frozen  1. 

One  loopful  24  hour  agar  culture  made  from  material  frozen 
once  and  suspended  in  10  c.c.  saline. 

1 rabbit  injected  1 c.c.  emulsion — dead  in  7 days  Anthrax. 

1 guineapig  injected  1 c.c.  emulsion — dead  in  2 days  Anthrax. 

1 guineapig  injected  .1  c.c.  emulsion — dead  in  5 days  Anthrax. 

•ozen  21. 

This  was  made  from  material  frozen  21  times. 

1 rabbit  injected  1 c.c.  emulsion — dead  in  3 days  Anthrax. 

1 guineapig  injected  1 c.c.  emulsion — dead  in  3 days  Anthrax. 

1 guineapig  injected  .1  c.c.  emulsion — dead  in  3 days  Anthrax. 

Frozen  24. 

As  the  frozen  21  showed  no  signs  of  attenuation,  the  frozen  23 
culture  was  taken  and  frozen  for  two  days  on  end  and  termed  frozen 
24.  Saline  emulsions  were  made  as  above  and  guineapigs  and  rabbits 
injected  only  with  much  smaller  amounts. 

1 rabbit  injected  .001  c.c.  emulsion — dead  in  3 days  Anthrax. 

1 guineapig  injected  .001  c.c.  emulsion — dead  in  2 days  Anthrax. 

1 guineapig  injected  .0001  c.c.  emulsion — dead  in  5 days  Anthrax. 

1 guineapig  injected  .00001  c.c.  emulsion — dead  in  3 days 
Anthrax. 

From  the  above  experiment  it  was  clear  that  the  young  12  hour 
old  vegetative  forms  of  virulent  anthrax  could  withstand  with 
impunity  persistent  rapid  alternate  freezing  and  thawing. 
Microscopic  examination  of  smears  made  from  the  frozen  material 
revealed  not  the  slightest  signs  of  disintegration,  while  the  animal 
tests  proved  the  absence  of  any  attenuation  having  taken  place. 

Of  the  different  methods  of  attenuation  attempted,  it  was  decided 
that  the  Pasteur  method,  although  tedious  and  frequently  disappoint- 
ing, was  the  only  one  in  which  attenuation  definitely  took  place. 
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( b ) Experiments  with  Disintegrated  Anthrax  Cultures. 

The  object  of  this  series  of  experiments  was  to  devise  ways  and 
means  for  t lie  actual  disintegration  of  anthrax  organisms  and  setting 
free  of  the  protoplasm.  Once  this  had  been  achieved  the  sterile 
germ-free  product  was  to  be  tested  out  on  small  laboratory  animals 
in  order  to  ascertain  the  presence  or  absence  of  endocel lular  toxins, 
and  further  to  note  the  degree,  of  immunity  developed,  if  any,  in 
sheep  and  goats.  For  these  experiments  the  growth  from  young 
12-24  hour  old  agar  slopes  was  used,  the  seed  material  consisting  of 
a highly  virulent  anthrax  strain.  The  young  growth  consisting 
mostly  of  vegetative  forms,  was  carefully  removed  from  the  agar 
surface  by  means  of  a platinum  needle  and  suspended  in  normal 
saline.  In  this  way  a thick  saline  emulsion  was  formed. 

As  mentioned  before,  the  alternate  freezing  and  thawing  of  such 
emulsions  did  not  cause  disintegration  and  hence  the  method  was 
abandoned. 

Several  other  methods  employed  gave  completely  satisfactory 
results. 

EXPERIMENT  5. 

Disintegration  by  continued  shaking. 

A saline  emulsion  prepared  as  described  above  was  placed  in  a 
strong  flask  together  with  a number  of  sterile  glass  beads  and  securely 
corked.  It  was  then  shaken  continuously  in  a shaking  apparatus  for 
four  days. 

Microscopic  examination  revealed  the  presence  of  a large 
percentage  of  disintegrated  bacilli  in  the  form  of  debris.  Sub- 
cultivation,  however,  resulted  in  an  abundant  growth.  The  emulsion 
was,  therefore,  diluted  and  carefully  passed  through  a Seitz  bacterial 
filter.  The  filtrate  was  completely  sterile  as  shown  by  subcultivation 
and  smears.  The  material  was  then  injected  into  small  animals  as 
follows  : — 

1 guineapig  2 e.c.  filtrate — remained  alive. 

1 guineapig  2 c.c.  filtrate — remained  alive. 

1 white  mouse  1 c.c.  filtrate — remained  alive. 

Similarly  a young  broth  culture  shaken  up  in  the  same  way, 
filtered  and  injected  into  small  animals  produced  no  effect. 

The  addition  of  1 in  1,000  solution  of  anilin  gentian  violet  to 
the  saline  emulsion  was  also  found  to  cause  rapid  disintegration  of 
the  bacilli  and  sterilization  of'  the  emulsion. 

Two  guineapigs  injected  wdth  1 c.c.  each  of  tin1  emulsion — both 
remained  alive.  Similarly  two  white  mice  remained  alive.  This 
material  was  also  tested  out  on  two  sheep  : 


Animal. 

Date 

Emulsion, 

16/9/26. 

Result. 

Date  Virulent 
Spores, 
29/9/26. 

Result. 

C.C. 

M.  LI). 

Sheep  7716 

5 

— 

100 

Demi,  :i  10/26, 
Anthrax. 

„ 8722 

3 

100 

Dead,  2 10  '26, 
Anthrax. 
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Disintegration  of  virulent  material  was  also  carried  out  by  grind- 
ing it  up  in  a mortar,  after  adding  about  half  the  volume  of  (lean 
sterile  sand.  In  this  way  practically  all  the  bacilli  were  disintegrated. 
After  passing  the  diluted  saline  emulsion  through  a bacterial  filter, 
and  confirming  sterility,  the  filtrate  was  again  tested  out  on  animals. 
Guineapigs  and  white  mice  injected  with  amounts  up  to  3 c.c.  all 
remained  alive.  Sheep  were  injected  as  follows:  — 


Animal. 

Date 

Filtrate, 

21/10/26. 

Result. 

Date  Virulent 
Spores, 

1/11/26. 

Result. 

c.c.  filtrate. 

M.L.D. 

Sheep  14(i77 

5 

— 

100 

Dead,  5/11/26, 

Anthrax. 

„ 14080 

10 

— 

100 

Remained  alive. 

As  one  sheep  remained  alive  the  experiment  was  repeated  on 
two  more  sheep,  injecting  the  same  dose  of  filtrate  and  the  same 
amount  of  virulent  material,  with  the  result  that  both  died. 

From  these  experiments  it  was  clear  that  artificially  cultivated 
young  bacilli  may  be  regarded  as  containing  no  endocellular  toxic 
substance  sufficient  to  kill  a mouse.  Similarly  it  was  devoid  of  any 
substance  capable  of  conferring  immunity  on  sheep. 

(c)  Experiments  with  Washed  Cultures. 

The  object  of  these  experiments  was  to  determine  the  virulence 
and  also  the  immunizing  powers  of  anthrax  organisms  after  complete 
removal  of  all  traces  of  their  extracellular  products  of  metabolism. 
This  was  carried  out  by  the  repeated  washing  in  normal  saline  and 
eentri  fugalizing  of  the  organisms.  It  has  been  shown  that  certain 
bacteria,  e.g.  the  Bacillus  chauveaui  of  black-quarter,  when  com- 
pletely separated  from  all  extracellular  products,  both  the  vegetative 
forms  and  the  spores  are  incapable  of  setting  up  infection  and 
causing  death. 

Experiments  on  anthrax  were  carried  out  as  follows:  — 


EXPEBIMEXT  6— -SPORES  OXLY. 

For  this  the  glycerinised  spore  emulsion  of  a fairly  strong  and 
very  reliable  vaccine  batch  was  used.  Microscopic  examination  of 
smears  revealed  the  presence  of  spores  only.  A small  amount  of 
glycerinised  emulsion  was  diluted  in  saline  and  thoroughly 
centrifuged.  The  supernatant  fluid  was  siphoned  off  and  the 
precipitate  consisting  of  spores  again  shaken  up  with  saline  and  the 
centrifuging  repeated.  This  was  done  six  times  until  probably  all 
traces  of  extracellular  substances  had  been  removed.  Various  saline 
dilutions  of  the  spores  were  then  made  up  and  injected  into  small 
animals  as  follows:  — 


1 guineapig — 1 c.c.  washed  spores 
1 guineapig — 1 c.c.  of  .1  dilution  spores 
1 guineapig — 1 c.c.  of  .01  dilution  spores 
1 guineapig — 1 c.c.  of  .001  dilution  spores 


All  animals  died 
within  4 days  from 
Anthrax. 
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Four  white  mice  injected  with  the  same  amounts  also  died  within 
four  days.  The  material  was  then  tested  on  sheep  as  follows:  — 


Animal. 

Date  Washed 
Vaccine  Spores, 
25/11/26. 

Result. 

Date  Virulent 
Spores, 
6/12/26. 

Result. 

c.c.  subcut. 

M.L.D. 

Sheep  15623 

1 

— 

500 

Remained  alive. 

„ 14338 

•001 

— 

250 

” 

This  experiment  therefore  clearly  demonstrated  that  the  Bacillus 
anthracis  (in  the  spore  stage)  unlike  the  Bacillus  chauveaui  is 
capable  of  causing  deafh  as  also  of  immunizing  sheep  without  the 
presence  of  any  extracellular  products  i.e.  toxins  or  aggressins. 

EXPERIMENT  7— VEGETATIVE  FORMS  ONLY. 

The  spore  emulsion  from  the  same  vaccine  batch  was  inoculated 
into  broth  tubes  and  incubated  for  24  hours.  Microscopic  examina- 
tion revealed  numerous  bacilli  but  no  spores.  The  broth  culture 
was  then  centrifugalized  and  the  precipitate  of  bacilli  repeatedly 
washed  as  in  the  previous  experiment.  Various  dilutions  of  the 
bacilli  were  again  injected  into  small  animals,  guineapigs  and  white 
mice.  These  all  died  from  anthrax  following  injections  of  dilutions 
up  to  .01  of  the  original  suspension  of  bacilli.  Sheep  were  also 
tested  as  follows  : — 


Animal. 

Date  Washed 
Vaccine  Spores, 
25/11/26. 

Result. 

Date  Virulent 
Spores. 
6/12/26. 

Result. 

Sheep  15621 

„ 15592 

c.c.  subcut. 

1 

0-0001 

— 

M.L.D. 

500 

250 

Remained  alive. 
Dead,  9/12/26, 
Anthrax. 

The  amount  used  on  the  second  sheep  was  obviously  too  small 
and  on  retesting  another  animal  with  a larger  amount  it  withstood 
the  immunity  test. 

From  this  experiment,  as  from  the  previous  one,  it  was  clear  that 
the  washed  bacilli  were  capable  of  killing  small  animals  and  of 
immunizing  sheep. 

3.  PRODUCTION  OF  IMMUNIZING  OR  TOXIC  SUBSTANCES. 

(a)  Artificial  in  vitro  Experiments. 

Numerous  investigations  have  been  conducted  with  the  object 
of  ascertaining  the  actual  cause  of  death  following  a fatal  anthrax 
infection.  The  view  is  frequently  held  that  the  tremendous  accumula- 
tion of  anthrax  bacilli  in  the  general  blood  circulation  towards  the 
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end  of  an  infection  is  in  itself  sufficient  to  cause  death,  i.e.  by  purely 
mechanical  means  through  a blockage  of  numerous  capillaries 
supplying  vital  organs.  According  to  this  view  death  could  result 
from  internal  asphyxia.  Other  authors  again  maintain  that  it  may 
be  due  to  pulmonary  embolism.  Although  apparently  of  great 
significance,  this  mechanical  factor  alone  does  not  explain  the  cause  of 
death  in  every  instance,  since  it  may  happen  that  death  takes  place 
without  the  presence  of  many  organisms  in  the  circulation.  This  is 
especially  noticeable  in  equines  where  only  very  few  organisms  may 
be  found  in  the  blood  after  death.  The  possibility  of  toxic  sub- 
stances elaborated  by  the  B.  anthracis  has,  therefore,  to  be  considered. 
From  this  point  the  results  of  the  investigations  of  the  various  authors 
are  most  conflicting. 

According  to  Pasteur  and  Joubert,  Levy  and  Beckman, 
Sanarelli,  Hruska  and  others,  no  toxins  are  elaborated  by  the  B. 
anthracis.  Conradi  claims  to  have  shown  that  neither  eiulo-  nor 
extracellular  toxins  are  formed  by  the  B.  anthracis  whether 
cultivated  in  vitro  or  in  the  animal  body.  Against  this  many  workers 
claim  to  have  demonstrated  definitely  toxic  substances  formed  by 
the  anthrax  organism.  Hoffa,  Hankin  and  Westbrook,  Martin, 
Bi  ieger  and  Fraenkel,  Marmier  and  more  recently  Markoff,  Bierbaum 
and  Boehnke,  all  maintain  that  toxins,  capable  of  causing  definite 
symptoms  and  even  death,  are  formed  bv  anthrax  organisms. 
Further,  the  immunizing  property  of  these  metabolic  products  of  the 
B.  anthracis  has  formed  the  subject  for  close  investigation.  Here 
again  the  evidence  brought  forward  is  very  conflicting,  some  authors 
claiming  reliable  immunizing  properties  for  certain  germ-free 
anthrax  products,  while  others  report  completely  negative  results. 

Bail  was  the  first  to  apply  his  conception  of  aggressin  immunity 
to  anthrax.  By  the  use  of  sterile  material  collected  from  the 
oedematous  infiltrations  of  animals  dead  from  anthrax,  he  was  able 
to  cause  a strong  immunity  in  sheep,  rabbits  and  guineapigs.  That 
this  was  not  of  the  nature  of  a passive  immunity  was  shown  by  the 
fact  that  it  only  developed  8 to  II)  days  after  vaccination  of  the 
animals.  Markoff  also  found  shaked  extracts  prepared  from  anthrax 
cultures  protecting  rabbits  against  a subsequent  virulent  infection. 
Working  on  Bail’s  aggressin  theory,  Okuda  desciibed  the  collection 
of  subcutaneous  oedema  fluids  from  anthrax  infected  rabbits  and  the 
strong  immunizing  powers  of  such  fluids  for  other  rabbits.  Likewise 
Matsumoto  found  the  sterile  oedema  fluid  of  infected  rabbits  of 
definitely  immunizing  value.  He  concludes  that  the  metabolic  pro- 
ducts of  the  B.  anthracis  present  in  such  fluids  are  responsible  for 
the  immunity  produced,  and  further  that  such  aggressins  are  in 
some  way  comparable  to  bacterial  toxins.  Guineapigs,  however, 
were  found  to  be  far  more  difficult  to  immunize  with  the  aggressin. 
Act  ording  to  Salsberv  recent  investigations  have  resulted  in  the 
production  of'  a true  anthrax  aggressin  capable  of  conferring  a solid 
immunity  in  different  classes  of  domesticated  animals.  The  aggressin 
is  constituted  by  the  sterilized  and  filtered  body  juices  collected  from 
the  carcases  of  animals  which  have  succumbed  to  an  infection  of 
virulent  anthrax.  Experiments  conducted  on  laboratory  animals 
as  well  as  on  sheep  showed  that  the  so-called  aggressin  had  well 
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marked  antigenic  properties,  while  outbreaks  of  anthrax  amongst 
cattle  under  natural  conditions  could  be  stopped  by  aggressin  injec- 
tions. 

Since  the  results  obtained  by  different  workers  were  so  con- 
flieting,  it  was  decided  to  conduct  some  experiments  with  the  B. 
anthraeis  both  in  vitro  and  in  vivo  in  order  to  demonstrate  the 
presence  or  absence  of  any  such  active  metabolic  products. 

For  this  purpose  a number  of  different  liquid  media  was  pre- 
pared. The  sterile  medium  was  then  inoculated  either  with  a fairly 
strong  vaccine  strain  of  anthrax,  or  with  fully  virulent  cultures,  and 
incubated  at  37°  C.  for  varying  periods.  After  this  the  culture  was 
filtered  through  a Seitz  bacterial  filter  and  the  filtrate  tested  for 
sterility  by  subcultivation  and  injection  of  small  animals.  Should 
these  animals  succumb  to  anthrax,  it  was  clear  proof  that  filtration 
had  been  incomplete,  while  if  smears  were  negative  and  subcultures 
of  both  the  filtrate  and  the  spleen  of  the  dead  animal  sterile,  death 
was  regarded  as  being  due  to  toxic  action  of  the  filtrate.  The 
immunizing  power  of  the  filtrate  was  tested  out  on  sheep  and  goats  in 
the  manner  already  described 

EXPERIMENT  8. 

Six  flasks  each  containing  one  litre  of  sterile  nutrient  broth  of 
P.H.  7.0  were  inoculated  with  15  c.c.  each  of  24  hour  broth  culture 
made  from  a fairly  strong  vaccine  strain,  and  incubated  at  37°  C. 

Flask  /.  inoculated  and  kept  as  a control. 

Flush'  2,  15  c.c.  24  hour  broth  culture  of  the  same  strain  added 
every  14  days. 

Flash  3 , 20(1  c.c.  of  a 2 per  cent,  peptone  solution  added  every 
14  days. 

Flash  4,  200  c.c.  fresh  broth  added  every  14  days. 

Flash  o,  15  c.c.  fresh  culture + 200  c.c.  broth  added  every  14 
days. 

Flash  6 , 15  c.c.  fresh  culture + 200  c.c.  2 per  cent,  peptone  added 
every  14  days. 

These  materials  were  added  in  an  attempt  to  promote  and  con- 
tinue (he  growth.  All  flasks  after  being  incubated  for  five  weeks, 
were  filtered  through  a Seitz  bacterial  filter  and  tested  for  sterility. 

Subsequently  small  animals  were  injected  with  the  filtrate  from 
each  flask  as  follows:  — 

1 rabbit — 5 c.c.  filtrate  subcutaneously. 

1 guineapig — 4 c.c.  filtrate  subcutaneously. 

1 guineapig — 2 c.c.  filtrate  subcutaneously. 

1 white  mouse — 1 c.c.  filtrate  subcutaneously. 

1 white  mouse — .5  c.c.  filtrate  subcutaneously. 

Of  the  30  animals  thus  injected  every  one  remained  in  good 
health.  It  was  then  decided  after  14  days  to  test  (he  immunity  and 
the  same  animals  now  injected  with  virulent  spore  emulsion — rabbits 
100  M.L.l).,  guineapigs  50  M.E.D.,  and  white  mice  with  one  needle- 
prick  from  the  virulent  material.  The  result  was  that  all  the 
animals,  excepting  two  mice,  died  from  anthrax  within  five  days  after 
the  virulent  inoculation. 
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The  material  was  then  tested  out  on  sheep  and  goats, 
using  two  sheep  and  two  goats  for  each  of  the  six  filtrates,  as 
follows  : — 

I sheep — 10  c.c.  filtrate  subcut.  later  tested  with  500  M.L.D. 

1 sheep — 5 c.c.  filtrate  subcut.  later  tested  with  250  M.L.D. 

1 goat — 10  c.c.  filtrate  subcut.  later  tested  with  250  M.L.D. 

1 goat — 5 c.c.  filtrate  subcut.  later  tested  with  100  M.L.D. 

Of  the  24  animals  injected  with  filtrate  not  one  showed  any  ill 
effect.  The  immunity  was  tested  after  20  days  with  virulent  spores 
ranging  from  500  to  100  M.L.D. 

The  result  was  that  every  animal,  except  one  sheep  from  flask 
lour,  died  from  anthrax  within  five  days. 

From  this  experiment  it  was  clear  that  the  broth  filtrates  were 
neither  toxic  to  small  animals  nor  did  they  possess  any  marked 
immunizing  power  for  larger  animals. 

EXPERIMENT  9. 

In  this  case  a flask  containing  one  litre  liver  broth,  as  prepared 
for  the  growth  of  B.  chauveaui  in  the  production  of  black-quarter 
filtrate,  was  inoculated  with  a young  broth  culture  made  from  a 
reliable  vaccine  anthrax  strain  and  incubated  at  47°  C.  for  2-3  days, 
and  then  filtered.  The  sterile  filtrate  was  injected  into  guineapigs 
and  mice  and  also  into  sheep. 

Two  guineapigs  each  injected  with  5 and  3 c.c.  respec- 
tively, and  two  mice  with  1 c.c.  each  all  remained  alive  and 
healthy. 


AnimaL 

Date 

Filtrate, 

10/6/26. 

Result. 

Date  Virulent 
Spores, 
22/6/26 

Result. 

c.c.  subcut. 

M.L.D. 

Sheep  13887 

5 

— 

100 

Dead,  25/6/26, 
Anthrax. 

„ 12711 

20 

100 

Dead,  26/6/26, 
Anthrax. 

This  filtrate  therefore  exhibited  neither  toxic  action  nor  immuniz- 
ing properties. 


EXPERIMENT  10. 

It  was  then  decided  to  grow  fully  virulent  anthrax  organisms 
(a)  in  ordinary  broth,  ( b ) broth  + 10  per  cent,  anthrax  immune 
serum.  This  was  done  for  a period  of  30  days  and  the  cultures 
filtered,  and  the  filtrate  injected  into  animals. 

Two  guineapigs  were  injected  subcutaneously  5 and  3 c.c. 
respectively  from  each  of  the  two  filtrates.  They  all  remained  alive 
and  were  injected  14  days  later  with  35  M.L.D.  virulent  spore 
emulsion.  They  all  died  from  anthrax  within  four  days. 
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Sheep  were  then  injected  as  follows:  — 


(a)  Filtrate  from  plain  broth  culture. 


Animal. 

Date 

Filtrate, 

10/6/26. 

Result. 

Date  Virulent 
Spores, 
22/6/26. 

Result. 

c.c.  subcut. 

M.L.D. 

Sheep  13587 

5 

— 

100 

Dead.  24/6/26, 
Anthrax. 

„ 13884 

20 

100 

Dead,  25/6/26, 
Anthrax. 

( b ) Filtrate  from  broth  + anthrax  immune  serum  culture. 


Animal. 

Date 

Filtrate. 

10/6/26. 

Result. 

Date  Virulent 
Spores, 
22/6/26. 

Result. 

c.c.  subcut. 

M.L.D. 

Sheep  13954 

5 

— 

100 

Dead,  24/6/26, 
Anthrax. 

„ 13639 

20 

100 

Dead,  26/6/26, 
Anthrax. 

As  in  Experiment  9,  these  filtrates  were  neither  toxic  nor  did  they 
produce  immunity  in  sheep. 

Two  horses  were  injected  subcutaneously  on  the  left  side  of  the 
neck  with  10  c.c.  and  5 c.c.  respectively  of  the  plain  broth 
culture  filtrate.  At  the  same  time  10  c.c.  of  ordinary  sterile  broth 
was  injected  into  a third  horse  acting-  as  control.  The  object  of  this 
experiment  was  to  note  the  development  of  oedematous  swellings 
frequently  seen  in  horses  after  vaccination.  In  all  three  animals 
the  temperature  remained  normal  and  not  the  sign  of  a swelling 
noted. 

EXPERIMENT  11  (see  also  Expt.  3). 

For  this  purpose  the  same  cultures  as  used  in  Experiment  3 
were  filtered,  and  the  sterile  filtrates  tested  out  on  animals.  This 
consisted  of  virulent  anthrax  grown  for  30  days  in  pea  broth,  bean 
broth,  dog  broth,  chicken  broth,  egg  broth,  potato  broth,  broth  + 
10  per  cent,  hyperimmune  serum  and  ordinary  broth.  Whereas  all 
the  small  animals  died  from  anthrax  following  the  injection  of  the 
live  cultures,  not  a single  one  died  from  the  filtrate,  two  guineapigs 
each  being  injected  with  5 c.c.  The  filtrate  was  also  tested  out  on 
two  sheep,  in  each  case  receiving  15  c.c.  and  5 c.c.  respectively.  After 
14  days  the  immunity  was  tested  bv  injection  of  100  M.E.T).  and  50 
M.L.1).  respectively.  The  result  was  that  witli  three  exceptions 
from  different  filtrates,  all  the  sheep  died  from  anthrax  within  live* 
days.  This  once  more  proved  that  by  growing-  virulent  anthrax  in 
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different  media  neither  toxic  nor  immunizing  substances  were 
elaborated  to  any  appreciable  extent. 

EXPERIMENT  12. 

In  this  experiment  different  body,  fluids  were  collected  and  used 
either  as  such  or  diluted  with  nutrient  broth  as  media  in  which  fully 
virulent  anthrax  organisms  were  grown  for  several  weeks. 

(a)  A culture  consisting  of  ordinary  sterile  sheep’s  blood  in  a 
flask  inoculated  with  a 24  hour  broth  culture  of  virulent  organisms 
was  incubated  for  three  weeks  at  37°  C.  It  was  then  diluted  with 
two  volumes  of  normal  saline  to  facilitate  filtration  and  passed 
through  a Seitz  bacterial  filter.  The  sterile  filtrate  was  injected 
into  guineapigs  in  5 c.c.  amounts,  without  however  producing  any 
ill  effect.  It  was  then  tested  out  on  sheep. 


Animal. 

Date 

Filtrate, 

16/9/26. 

Result. 

Date  Virulent 
Spores, 
29/9/26. 

Result, 

C.C. 

M.L.D. 

Sheep  13042 

10 

— 

250 

Dead,  2/10/26, 
Anthrax. 

„ 6572 

5 

— 

100 

Dead,  1/10/26, 
Anthrax. 

This  filtrate  therefore  again  showed  neither  toxic  action  nor  immuniz- 
ing properties. 

(b)  The  fluid  present  in  the  abdominal  cavity  of  a dog  suffering 
from  ascites  was  carefully  drawn  off  and  diluted  with  an  equal  volume 
of  nutrient  broth.  In  this  medium  virulent  organisms  were  grown 
for  three  weeks  and  then  filtered.  The  filtrate  was  injected  into 
guineapigs  without  causing  any  symptoms  or  death.  It  was  then 
injected  subcutaneously  into  sheep. 


Animal. 

Date 

Filtrate, 

21/10/26. 

Result. 

Date  Virulent 
Spores, 

1/11/26. 

Result. 

Sheep  14260 

c.c.  filtrate. 
5 

M.L.D. 

100 

Dead.  11/11/26, 

..  12376 

10 



100 

Anthrax. 
Remained  alive. 

As  the  sheep  injected  with  the  smaller  5 c.c.  dose  of  filtrate  only 
died  from  anthrax  eleven  days  after  the  injection  of  the  virulent  test 
dose,  while  the  one  injected  with  the  10  c.c.  filtrate  withstood  the 
virulent  test,  it  was  decided  to  repeat  the  experiment  as  follows:  — 


Animal. 

Date 

Filtrate, 

1/12/26. 

Result. 

Date  Virulent 
Spores, 
13/12/26. 

Result. 

c.c.  filtrate. 

M.L.D. 

Sheep  15171 

10 

— 

100 

Remained  alive. 

„ 15178 

10 

100 

Dead,  20/12/26, 
Anthrax. 
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It  is  thus  seen  that  in  a retest  one  sheep  again  remained  alive  after 
the  virulent  dose,  whereas  the  other  died  from  anthrax  seven  days 
after  the  second  injection.  From  the  latter  experiment  it  would 
appear  that  by  cultivating  virulent  anthrax  organisms  in  a medium 
consisting  of  ascites  fluid  mixed  with  ordinary  broth  some  metabolic 
substance  is  elaborated  which  is  capable  of  producing  an  immunity 
in  a certain  percentage  of  sheep.  Except  perhaps  in  the  last  men- 
tioned experiment  no  definitely  toxic  or  inert  but  immunizing  sub- 
stance could  be  demonstrated  in  any  of  the  various  liquid  media  in 
which  vaccine  or  even  virulent  anthrax  organisms  had  been  cultivated 
for  long  periods.  In  this  respect  the  Bacillus  anthracis  differs 
materially  from  such  organisms  as  the  Bacillus  tetani  or  Bacillus 
chauveaui. 

( b ) Production  of  Immunizing  of  Toxic  Substances  in  the 
Animal  Body. 

W hat  is  termed  a “ true  anthrax  aggressin  ” has  within  recent 
years  been  placed  on  the  market.  It  is  stated  to  consist  of  the 
sterilized  and  filtered  body  juices  collected  from  the  carcases  of 
animals  which  have  died  as  the  result  of  artificial  infection  with 
anthrax.  For  this  product  is  claimed  the  property  of  conferring  a 
solid  active  immunity  against  anthrax  and  besides  this,  complete 
safety  to  vaccinated  animals. 

As  a supply  of  this  material  had  been  introduced  into  South 
Africa,  it  was  decided  to  ascertain  experimentally  its  degree  of'  safety 
and  immunizing  properties  on  different  animals. 

EXPERIMENT  13. 

Subcultures  made  from  the  “ aggressin  ” in  broth  and  on  agar 
all  remained  completely  sterile.  According  to  the  directions  for  use, 
guineapigs  were  injected  subcutaneously  with  the  following  amounts: 
Two  guineapigs  1 c.c.  each  and  two  guineapigs  2 c.c.  each.  No 
symptoms  were  shown,  all  the  animals  remaining  in  good  health. 
It  was  then  decided  to  test  the  material  on  sheep  and  goats  as 
follows: — (The  dose  injected  corresponded  with  that  advised  by  the 
manufacturers.) 


Animal. 

Date 

Aggressin, 

10/8/26. 

Result. 

Date 

Virulent 

Spores. 

Result. 

c.c.  subcut. 

24/8/26. 

Sheep  12068 

3 

— 

500  M.L.D. 

Dead,  30/8/26, 
Anthrax. 

„ 10850 

3 

250 

30/8/26. 

Dead,  27/8/26, 
Anthrax. 

„ 12990 

3 

— 

100  M.L.D. 

Dead,  2/9/26, 

Anthrax. 

„ 12970 

3 

100 

24/8/26. 

Dead,  4/9/26, 

Anthrax. 

Goat  14487 

3 

— 

250  M.L.D. 

Dead,  26/8/26, 
Anthrax. 

„ 14449 

3 

100 

Dead,  27/8/26, 
Anthrax. 
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Animal. 

Date 

Aggressin. 

10/8/28. 

Result. 

Date 

Virulent 

Spores. 

Result. 

30/8/25. 

Goat  14604 

3 

— 

50  M.L.D. 

Dead,  2/9/26, 

Anthrax. 

„ 14595 

3 

50 

Dead,  2/9/26, 
Anthrax. 

Thus  of  the  four  sheep  and  four  goats  vaccinated  not  a single  one 
survived  the  immunity  test,  clearly  showing  that  the  immunity  pro- 
duced, if  any  at  all,  must  have  been  very  weak  indeed.  In  none  of 
the  animals  vaccinated  was  any  temperature  reaction  noticed  so  that 
complete  safety  of  the  vaccine  could  not  be  disputed. 

Seeing  that  no  artificial  product  with  reliable  immunizing  pro- 
perties could  be  obtained,  it  was  decided  to  ascertain  whether  in  the 
animal  body  any  such  substances  were  elaborated  after  artificial 
infection  with  anthrax.  With  this  object  in  view  a series  of  experi- 
ments were  conducted  as  follows:- — 

Susceptible  sheep  and  goats  were  to  be  artificially  infected  with 
anthrax,  and  blood-smears  examined  at  regular  intervals.  As  soon 
as  the  smears  revealed  numerous  bacilli  and  signs  of  approaching 
death  noticed,  blood  from  the  jugular  vein  was  to  be  drawn  off 
aseptically  into  sterile  flasks.  Immediately  after  death,  the  carcase 
was  to  be  carefully  opened,  and  whatever  other  body  fluids  could  be 
found  besides  the  blood  were  to  be  collected  in  sterile  vessels.  Parts 
of  the  different  organs  were  also  to  be  collected. 

The  materials  thus  collected  were  to  be  treated  in  different 
ways : — 

(a)  Some  of  the  body  fluids,  including  the  blood,  were  to  be  passed 
through  Seitz  bacterial  filters  and  sterile  filtrate  obtained.  To 
facilitate  filtration,  the  blood  was  citrated  at  the  moment  of  collection 
so  as  to  prevent  clotting,  and  afterwards  diluted  with  two  or  three 
volumes  of  sterile  normal  saline  to  decrease  the  viscosity. 

(b)  In  some  flasks  containing  these  fluids,  the  anthrax  infection 
was  to  be  killed  off  by  chemical  means.  In  this  connection  various 
preliminary  experiments  were  conducted  both  on  anthrax  cultures 
and  anthrax-infected  blood.  Of  the  various  chemical  substances 
tested  out,  it  was  found  that  neosalvarsan  in  a dilution  1 : 5,000 
caused  the  complete  sterilization  of  both  anthrax  cultures  and  infected 
blood  within  two  hours.  This  was  clearly  proved  by  numerous  sub- 
cultures and  injections  into  small  animals.  Smears  made  from  such 
material  revealed  marked  disintegration  of  the  organisms  within  24 
hours,  while  after  a few  days,  only  the  debris  of  the  disintegrated 
organisms  could  be  made  out. 

Similar  experiments  were  conducted  with  anil  in  gentian  violet 
in  various  dilutions.  It  was  found  that  a dilution  of  1 : 2,000  killed 
off  the  anthrax  infection  within  24  hours,  and  that  in  the  course  of  a 
few  days  complete  disintegration  had  resulted.  Various  dilutions 
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of  Yatren  were  also  tested  but  with  less  satisfactory  results.  For  this 
series  of  experiments  it  wras,  therefore,  decided  to  use  unfiltered 
citrated  blood  treated  either  with  neosalvarsan  1 : 5,000  or  aniliu 
gentian  violet  1 : 2,000. 

(c)  Extracts  from  different  organs  were  made  by  macerating 
these  up  with  sterile  normal  saline  in  a mortar  and  subsequently 
filtering  through  a bacterial  filter.  All  these  materials  wTere  then 
tested  (1)  on  small  animals  for  toxic  properties,  and  (2)  on  larger 
animals  for  their  immunizing  value. 


EXPERIMENT  14.— UNFILTERED  BLOOD. 

Goat  144T1  was  injected  subcutaneously  with  250  M.L.D.  vir- 
ulent spore  emulsion.  On  the  second  day  the  temperature  lose  to 
103.5°  F.  Twenty  minutes  before  death  blood-smears  revealed 
numerous  bacilli.  Blood  was  collected  from  the  jugular  vein  (a)  in 
citrate  + neosalvarsan,  (b)  in  citrate  + anilin  gentian  violet.  Sub- 
cultures made  on  the  following  day  all  remained  sterile.  Guineapigs 
injected  with  2 c.c.  and  white  mice  with  .5  c.c.  each  of  the  two  samples 
of  blood  all  remained  alive.  The  material  was  then  tested  out  on 
sheep  as  follows  : — - 


Animal. 

Date  Sterile  Blood,  6/7/29. 

Result. 

Date  Virulent 
Spores, 
15/7/26. 

Result. 

Sheep  1281*8 

2 c.c.  citr.  + neosalvarsan  blood 

M.L.D. 

100 

Remained  alive. 

„ 7539 

5 „ „ 

— 

250 

,, 

13821 

2 c.c.  citr.  + an.  gent.  viol,  blood 

— 

100 

,, 

„ 12889 

5 

250 

” 

As  all  four  sheep  survived  the  immunity  test,  there  were  definite 
signs  that  an  immunity  had  been  established.  It  was  then  decided 
to  retest  the  material,  using  a large  number  of  animals. 


Animal. 

Date  Sterile  Blood,  20/7/26. 

Result, 

Date 

Virulent 

Spores. 

Result. 

Sheep  13841 

2 c.c.  citr.  + neosalvarsan  blood 

M.L.D. 

100  8/8/26 

Remained  alive. 

.,  13891 

5 

— 

250  16  8/26 

13873 

2 c.c.  citr.  + an.  gent.  viol,  blood 

— 

100  16/8/26 

„ 9213 

5 „ „ 

— 

100  8 8 26 

Goat  14493 

2 c.c.  citr.  + neosalvarsan  blood 

— 

100  16/8/26 

„ 14491 

5 „ ,, 

— 

100  8 s 26 

„ 14452 

2 c.c.  citr.  -|-  an.  gent.  viol,  blood 

— 

100  8/8/20 

„ 14485 

5 „ „ 

— 

250  16/8  26 

Dead.  21/8/20. 

Anthrax. 
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Thus  from  the  four  sheep  and  four  goats  used  for  the  retest,  in  which 
some  were  injected  with  5 c.c.  and  others  with  2 c.c.  of  the  two 
samples  of  blood,  only  one  goat  succumbed  from  anthrax  five  days 
after  the  immunity  test. 

In  some  cases  the  immunity  was  tested  IS  days  after  vaccination, 
while  in  the  rest  27  days  after  vaccination.  The  goat  that  died  was 
injected  with  250  M.L.D.  27  days  after  vaccination. 

Thus  the  preliminary  evidence  that  an  active  immunity  had 
been  established  by  this  material  was  proved  beyond  any  doubt.  The 
fact  that  in  some  cases  the  immunity  was  tested  as  long  as  27  days 
after  vaccination,  would  tend  to  exclude  the  possibility  of  a purely 
passive  immunity,  as  e.g.  shown  by  anthrax  sera,  and  which  generally 
passes  off  within  the  first  week  after  injection. 

In  order  to  establish  the  effect  that  the  neosalvarsan  in  the  blood 
might  have  produced  on  the  immunity  test,  several  experiments  were 
conducted  witli  this  drug:  — 


Animal. 

First  Injection. 

Second  Injection. 

Result. 

Sheep  11785 

100  M.L.D.  subeut 

1 gram  neosalvarsan  48 
hours  later 

Dead  on  3rd  day. 
Anthrax. 

„ 13618 

50  M.L.D.  subeut 

1 gram  neosalvarsan  48 
hours  later 

Dead  on  3rd  day. 
Anthrax. 

„ 13893 

100  M.L.D.  subcut 

1 gram  neosalvarsan  24 
horn's  later 

Dead  on  6th  day, 
Anthrax. 

„ 13774 

50  M.L.D.  subcut 

1 gram  neosalvarsan  24 
hours  later 

Dead  on  4th  day. 
Anthrax. 

„ 13065 

Simultaneously  100 

M.L.D.  + 1 gram  neo- 
salvarsan 

Remained  alive. 

„ 10456 

1-5  gram  neosalvarsan.. 

100  .M.L.D.,  12  hours  later 

Dead  on  3rd  day, 
Anthrax. 

Of  the  six  sheep  tested  in  different  ways  only  one  remained  alive,  viz. 
in  the  case  where  the  virulent  material  and  the  neosalvarsan  injections 
were  made  simultaneously,  the  first  subcutaneously  and  the  latter 
intravenously.  As  was  shown  in  the  case  of  sheep  10456,  where  1.5 
gram  neosalvarsan  was  injected  12  hours  before  the  virulent  material, 
the  bactericidal  effect  of  the  drug  was  so  reduced  within  this  short 
period  that  the  animal  succumbed  to  anthrax  within  three  days. 
From  these  experiments  it  was  clear  that  the  survival  of  the  animals 
treated  with  the  blood  samples  and  afterwards  with  virulent  material 
could  not  have  been  due  to  any  salvarsan  still  present  in  the  body 
after  27  days. 

After  a period  of  seven  weeks,  this  same  material  was  again 
tested  both  for  its  keeping  qualities  as  also  for  its  thermostability. 
For  this  purpose  some  of  the  blood  was  pasteurized  in  a water  bath 
at  60°C.  for  30  minutes,  while  some  was  pasteurized  at  80°  C.  for  30 
minutes.  It  was  then  injected  into  sheep. 
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Animal. 

Date  Sterile  Blood  Injected, 
20/8/26. 

Result. 

Date 

Virulent 

Spores, 

3/9/20. 

Result. 

M.L.D. 

Sheep  12038 

5 c.c.  citr.  + neosalvarsan  past,  at 
60°  C.  for  30  minutes 

— 

100 

Remained  alive. 

„ 13840 

5 c.c.  citr.  + an.  gent.  viol,  blood 
past,  at  60°  C.  for  30  minutes 

— 

100 

” 

„ 10414 

5 c.c.  citr.  + neosalvarsan  past,  at 
80°  C.  for  30  minutes 

— 

100 

” 

„ 10588 

5 c.c.  citr.  -f-  an.  gent.  viol,  blood 
past,  at  80°  C.  for  30  minutes 

100 

After  a period  of  five  months  this  material  was  again  tested  and 
some  pasteurized  at  92°  C.  for  30  minutes. 


Animal. 

Date  Sterile  Blood  Injected, 
23/11/26. 

Result. 

Date 

Virulent 

Spores, 

6/12/26. 

Result. 

Sheep  15536 

5 c.c.  citr.  -j-  neosalvarsan  past,  at 

M.L.D. 

100 

Remained  alive. 

„ 15648 

80°  C.  for  30  minutes 
5 c.c.  citr.  + neosalvarsan  blood  past. 



100 

„ 15114 

at  92°  C.  for  30  minutes 
5 c.c.  citr.  + an.  gent,  viol,  blood 



100 

„ 15522 

past,  at  80°  C.  for  30  minutes 
5 c.c.  citr.  + an.  gent.  viol,  blood 



100 

Dead,  10  12/26, 

past,  at  92°  C.  for  30  minutes 

Anthrax 

In  this  test  one  of  the  sheep  died  from  anthrax  four  days  after 
the  virulent  injection.  Thus  out  of  the  20  animals  vaccinated  with 
this  material,  18  were  definitely  immunized  even  after  keeping  the 
blood  for  five  months  and  then  pasteurizing  it  up  to  92°  (’.  for  30 
minutes. 


EXPERIMENT  15. — FILTERED  RLOOD. 

In  this  experiment  the  filtered  blood  from  sheep  dead  from 
anthrax  was  tested. 

ghee])  1292T  was  injected  with  250  M.L.I).  and  blood  collected 
15  minutes  before  its  death  from  anthrax,  blood  smears  showing 
numerous  bacilli.  The  citrated  blood  was  diluted  with  an  equal 
volume  of  saline  and  immediately  filtered.  The  sterile  filtrate  was 
injected  into  guineapigs  without  any  ill  effect.  Il  was  then  injected 
into  susceptible  sheep. 
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Animal. 

Date 

Sterile 

Filtrate, 

16/9/26. 

Result. 

Date 

Virulent 

Spores, 

29/9/26. 

Result. 

Sheep  14324 

c.c.  subcut. 
10 

M.L.D. 

250 

Dead,  3/10/26,  Anthrax. 

„ 13771 

5 

100 

Dead,  2/10/26,  Anthrax. 

As  these  two  sheep  died  rather  unexpectedly  after  the  immunity 
test,  it  was  decided  to  procure  a fresh  sample  of  blood  from  another 
sheep  infected  with  anthrax. 

Sheep  13675  was  injected  with  250  M.L.D.  virulent  spores. 
The  animal  was  bled  a few  minutes  before  its  death  on  the  third 
day.  Blood-smears  showed  numerous  anthrax  bacilli.  The  citrated 
blood  diluted  with  an  equal  volume  of  saline  was  again  immediately 
filtered,  and  the  sterile  filtrate  tested  out  on  guineapigs,  without  any 
ill  effect.  It  was  then  injected  into  sheep. 


Animal. 

Date 

Sterile 

Filtrate, 

30/10/26. 

Result. 

Date 

Virulent 

Spores, 

11/11/26. 

Result. 

Sheep  11671 

c.c.  subcut. 
2 

M.L.D. 

250 

Dead,  13/11/26,  Anthrax 

„ 14279 

5 

250 

Dead,  14/11/26,  Anthrax 

As  in  the  previous  test,  the  two  sheep  rapidly  succumbed  from 
anthrax  after  the  immunity  test.  It  was  thus  clear  that  the  blood 
from  which  the  anthrax  organisms  had  been  separated  by  filtration 
showed  no  immunizing  powers  as  compared  with  the  immunity  pro- 
voked by  whole  blood  in  which  disintegration  of  the  organisms  had 
been  brought  about  by  chemical  means.  All  evidence  pointed  to  the 
bacillary  debris  in  the  blood  as  being  the  real  immunizing  substance 
in  these  experiments.  The  same  immunizing  properties,  however, 
could  not  be  claimed  for  anthrax  bacilli  cultivated  on  artificial  media 
and  disintegrated  either  by  anilin  gentian  violet  or  by  actual  grinding 
up.  (See  Experiment  5.) 


EXPERIMENT  16. 

In  this  experiment  the  sterile  filtered  body  juices  of  several 
animals  dead  from  anthrax,  as  well  as  filtered  organ  extracts,  were 
tested  on  sheep. 

(a)  A sterile  saline  filtrate  of  minced  spleen  obtained  from  goat 
15225,  dead  from  virulent  anthrax,  was  injected  into  sheep. 
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Animal. 

Date  Sterile 
Spleen 
Filtrate, 
30/10/20. 

Result. 

Date 

Virulent 

Spores, 

11/11/26. 

Result. 

Sheep  13951 

c.c.  subcut. 
2 

M.L.D. 

250 

Dead,  3/11/26,  Anthrax. 

„ 13947 

5 

250 

Dead,  14/11/26,  Anthrax. 

( b ) Sterile  filtered  bile  obtained  from  the  same  goat  was  also 
tested  on  sheep. 


Animal. 

Date  Sterile 
Filtered 
Bile, 

30/10/26. 

Result. 

Date 

Virulent 

Spores, 

11/11/26. 

Result. 

Sheep  14326 

c.c.  bile  filtrate. 
2 

M.L.D. 

100 

Remained  alive. 

„ 13725 

5 

100 

Dead,  12/11/26,  Anthrax. 

(c)  Sterile  filtered  peritoneal  fluid  obtained  from  goat  14391, 
dead  from  virulent  anthrax,  was  injected  into  sheep. 


Animal. 

Date 

Sterile 

Fluid, 

16/9/25. 

Result. 

Date 

Virulent 

Spores, 

29/9/26. 

Result. 

Sheep  12201 

c.e.  subcut. 
10 

M.L.D. 

100 

Dead,  3/10/26,  Anthrax. 

„ 13992 

5 

100 

Remained  alive. 

On  repeating  the  latter  two  experiments  both  animals  died  after 
the  virulent  test.  Thus,  as  in  the  case  of  the  filtered  blood,  the  other 
body  fluids  and  organ  extracts  showed  no  definite  immunizing 
powers. 


EXPERIMENT  17.— OEDEMA  FLUID. 

A number  of  horses  vaccinated  with  a certain  fairly  weak  batch 
of  anthrax  spore  vaccine  developed  well-marked  subcutaneous, 
oedematous  swellings.  It  was  decided  to  collect  some  of  this  oedema 
fluid  and  test  it  out  on  animals.  Horse  18028,  showing  a severe 
oedema  of  the  lower  cervical  and  sternal  reigons  following  vaccina- 
tion, was  used  for  supplying  ilie  oedema  fluid. 

The  clear  fluid  was  drawn  off  into  a sterile  flask.  Subcultures 
made  from  the  fluid  all  remained  sterile,  (luineapigs  injected  will) 
5 c.c.  each  of  the  pure  oedema  fluid  all  remained  alive. 
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Animal. 

Date 

Oedema 

Fhiid, 

30/8/26. 

Result. 

Date 

Virulent 

Spores, 

13/9/26. 

Result. 

c.c.  oed.  fluid. 

M.L.D. 

Sheep  1390!* 

10 



250 

Dead,  16/9/26, 

Anthrax. 

,,  13748 

10 

— 

100 

Remained  alive. 

„ 13069 

5 

— 

250 

Dead,  18/9/26, 

Anthrax. 

„ 12695 

5 

100 

Dead,  17/9/26, 

Anthrax. 

Thus  out  of  the  four  sheep  injected  with  as  much  as  10  c.c.  of 
the  pure  fluid,  three  died  from  anthrax  after  the  immunity  test, 
showing  that  the  immunizing  power,  if  any,  was  decidedly  very 
weak.  At  the  same  time  this  fluid  was  also  injected  into  two  non- 
vaccinated  horses,  the  object  being  to  note  the  possible  development 
of  similar  swellings.  Horse  17827  was  injected  with  5 c.c.  and  horse 
177UO  with  10  c.c.  both  subcutaneously  on  the  side  of  the  neck. 
The  animals  were  examined  daily  for  12  days  and  temperature  records 
kept.  During  this  time  neither  of  the  animals  showed  any  tempera- 
ture disturbances  nor  was  there  any  swelling  noticed. 

EXPERIMENT  18. 

The  object  of  this  experiment  was  to  ascertain  the  effect  of 
various  non-living  anthrax  products  on  the  course  of  an  anthrax 
infection  in  guineapigs.  Guineapigs  were  injected  subcutaneously 
with  equal  amounts  of  a definite  dilution  of  vaccine  anthrax  pores. 
In  some  of  these,  left  as  eontols,  the  time  of  death  was  carefully  noted, 
while  the  others  were  injected  simultaneously  with  the  various  anthrax 
products,  which  by  themselves  showed  no  harmful  effects  on  these 
animals.  Again  the  time  of  death  was  noted. 

All  animals  injected  on  the  17/9/26. 

(a)  Controls. 

1 guineapig — 1 c.c.  of  .01  dilution  spores — dead  in  four  days, 
Anthrax. 

1 guineapig — 1 c.c.  of  .01  dilution  spores — dead  in  five  days, 
Anthrax. 

(b)  Vaccine  spores  + sterile  broth  filtrate  obtained  from  30  days  old 

virulent  anthrax  broth  culture. 

1 guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  filtrate — 

dead  in  four  days,  Anthrax. 

1 guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  filtrate — 

dead  in  four  days,  Anthrax. 

(c)  Vaccine  spores  + oedema  fluid  from  horse  18028  showing  anthrax 

swellings  after  vaccination. 

1 guineapig* — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  oedema 

fluid — dead  in  four  days,  Anthrax. 

1 guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  oedema 

fluid — dead  in  five  days,  Anthrax. 
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(d)  Vaccine  spores  + sterile  filtrate  obtained  from  30  day  old  blood 

culture  of  virulent  Anthrax. 

1 guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  filtrate — 

dead  in  four  days,  Anthrax. 

1 guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  filtrate — 

<lead  in  four  days,  Anthrax. 

(e)  Vaccine  spores  + sterile  filtrate  obtained  from  anthrax  blood  of 

sheep  12927. 

1 guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  filtrate — 

dead  in  four  days,  Anthrax. 

I guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  filtrate — 

dead  in  six  days,  Anthrax. 

if)  Vaccine  spores  + sterile  filtered  peritoneal  fluid  from  goat  14391' — 

dead  from  Anthrax. 

1 guineapig — 1 c.c.  of  .(II  dilution  spores  + 2 c.c.  filtrate — 

dead  in  three  days,  Anthrax. 

1 guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  filtrate — 

dead  in  four  days,  Anthrax. 

(g)  Vaccine  spores  + imported  sterile  Anthrax  aggressin. 

1 guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  aggressin- — 
dead  in  three  days,  Anthrax. 

1 guineapig — 1 c.c.  of  .01  dilution  spores  + 2 c.c.  aggressin — 
dead  in  four  days,  Anthrax. 

From  these  experiments  it  is  clear  that  the  different  anthrax 
products  used  had  no  effect  on  the  course  of  an  anthrax  infection 
in  guineapigs  when  injected  simultaneously  with  the  live  spores. 
In  none  of  the  cases  was  death  definitely  hastened  or  delayed,  since 
all  the  animals  died  practically  on  the  same  day  as  the  controls  did. 
It  should  be  noted  that  the  spores  used  in  this  experiment  were 
repeatedly  washed  and  centrifugalized  in  order  to  free  them  from 
any  adherent  exo-products. 

From  all  the  experiments  recorded  in  this  section  the  following- 
points  were  clearly  evident: 

(a)  In  every  instance  the  metabolic  products  elaborated  by  the 
B.  antiiraeis,  when  cultivated  in  various  liquid  media  for 
long  periods  and  then  filtered  off,  failed  to  reveal  any 
toxic  action  in  small  animals  or  immunizing  effect  in 
sheep  and  goats. 

( b ) Various  body  juices,  including  blood,  collected  from 
anthrax-infected  animals  and  passed  through  bacterial 
filters  were  neither  toxic  nor  of  immunizing  value. 

(c)  Anthrax  blood  in  which  disintegration  of  the  B.  antiiraeis 

had  been  brought  about  by  chemical  means  possessed 
definite  immunizing  properties  which  resisted  heating  at 
92°  C.  for  3(1  minutes.  The  same  qualities  could  not  be 
claimed  for  disintegrated  organisms  after  cultivation  on 
artificial  media. 

(d)  No  soluble  filterable  “ aggressin  ” could  be  demonstrated 
in  any  of  the  experiments.  The  immunizing  substance 
present  in  anthrax  blood  was  not  found  to  be  filterable, 
i.e.  it  is  probably  very  closely  associated  with  the  organism 
in  the  blood,  although  it  was  not  found  in  the  case  of 
organisms  cultivated  on  artificial  media. 
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4.  COMPARATIVE  SAFETY  AND  IMMUNITY  EXPERIMENTS 
WITH  ANTHRAX  SPORE  VACCINE. 

Based  on  the  results  of  various  experiments  conducted,  Besredka 
has  within  recent  years  announced  an  original  theory  as  to  tiie 
mechanism  of  infection  and  immunity  in  anthrax.  According  to 
this  theory,  animals  which  are  highly  susceptible  to  anthrax  can 
only  become  infected  through  the  skin,  which  is  the  only  organ 
capable  of  acting  as  the  portal  of  entry  for  the  anthrax  organism. 
Wh  ere  an  infection  of  the  skin  was  definitely  excluded,  a fatal 
artificial  infection  by  any  other  route  could  not  be  brought  about 
even  in  the  case  of  highly  susceptible  animals  such  as  guineapigs. 

Further,  successful  immunization  of  susceptible  animals  is 
dependent  on  the  primary  immunity  of  the  skin.  Thus  immunization 
of  the  skin  is  essential  and  sufficient  in  order  to  render  animals 
immune  to  anthrax. 

It  is  for  these  reasons  that  Besredka  strongly  advocates  skin 
vaccination  as  the  rational  mode  of  immunizing  animals  against 
anthrax.  Laboratory  animals  such  as  rabbits  and  guineapigs  which 
by  the  usual  methods  of  vaccination  were  very  difficult  to  immunize 
could  by  cuti-vaccination  be  protected.  These  findings  of  Besredka 
have  resulted  in  numerous  investigators  focusing  attention  on  cuti- 
vaccination  and  cuti-immunity.  The  results  obtained  by  different 
workers  are,  however,  again  markedly  conflicting.  While  the  find- 
ings of  some  are  wholly  in  accordance  with  those  of  Besredka,  others 
were  able  to  substantiate  only  certain  points  in  the  original  theory. 
Some  investigators,  on  the  other  hand,  have  failed  to  confirm  any  of 
Besredka’s  findings.  Of  the  various  authors  who  have  confirmed  the 
results  obtained  by  Besredka,  the  following  may  be  mentioned:  — 
Vein  believes  that  extensive  vaccination  of  animals  in  Morocco  has 
shown  that  a single  intradermal  injection  of  vaccine  is  sufficient 
to  piovoke  a strong  and  lasting  immunity,  even  where  no  thermal  or 
local  reaction  follows  vaccination.  The  method  of  vaccination  is 
practical  and  the  immunity  lasting  six  to  seven  months. 

According  to  Nevodov,  horses  and  cattle  can  he  successfully  im- 
munized by  cuti-vaccination,  using  the  vaccine  1 only.  No  complica- 
tions are  noted,  while  animals  may  he  worked  immediately  after 
vaccination. 

From  numerous  experiments  Brocq-Bousseau  concludes  that  cuti- 
vaccination  of  horses  leads  to  a strong  and  rapidly  forming  immunity 
without,  however,  any  untoward  complications. 

Similarly  Balteano,  Plotz,  Nicolas,  Stoicescu,  Vallee,  Hruska, 
Kudrjavzev,  Baliherdin,  Rossi,  TJrbain  and  Rossi,  were  able  to  con- 
firm the  findings  of  Besredka. 

Several  authors,  although  partly  in  agreement  with  Besredka’s 
theory,  find  that  the  skin  is  not  the  only  organ  susceptible  to  anthrax. 

Thus  Combiesco,  Popesco,  Gratia,  Kritschewsky  and  Brussin, 
and  more  recently  Bautz  and  Amiraslanow,  maintain  that  animals 
may  be  fatally  infected  by  routes  other  than  the  skin.  Furthermore, 
numerous  experiments  have  shown  that  infection  through  the  skin 
is  less  certain  than  by  other  routes,  i.e.  the  skin  is  actually  less 
susceptible  than  other  tissues. 
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From  various  experiments  conducted,  Viljoen,  Curson  and  Fourie 
found  the  skin  no  more  susceptible  than  any  other  organ,  and, 
further,  the  immunity  following  subcutaneous  vaccination  more 
reliable  than  that  following  cuti- vaccination.  According  to  Gusman, 
Neri,  Pazewicz,  Lanfranchi  and  Casalotti,  their  experiments  did  not 
confirm  Besredka’s  findings,  i.e.  cuti-vaccination  of  laboratory  animals 
was  not  followed  by  reliable  immunity  against  anthrax. 

Seeing  that  there  exists  a wide  difference  of  opinion  as  to  the 
relative  susceptibility  of  animals  to  different  routes  of  infection  as 
well  as  the  merits  of  different  methods  of  vaccination,  a lengthy 
series  of  experiments  were  conducted  with  the  following  objects  in 
view  : — - 

(a)  To  attempt  the  artificial  infection  of  small  animals  with 
anthrax  in  different  ways,  at  the  same  time  excluding  as 
far  as  possible  infection  in  other  ways. 

(b)  To  attempt  the  immunization  of  small  animals  by  different 
methods  of  vaccination. 

(c)  To  compare  safety  and  immunity  conferred  by  anthrax 

spore  vaccine  on  sheep  and  goats  by  different  methods  of 
vaccination. 

(d)  To  note  the  clinical  reaction  produced  in  horses  following 
various  methods  of  vaccination. 

In  all  these  experiments  the  vaccine  consisted  of  a glyeerinized 
spore  emulsion  of  a batch  of  anthrax  vaccine,  the  safety  and  immuniz- 
ing properties  of  which  had  been  carefully  ascertained  beforehand. 
The  vaccine  in  each  case  was  prepared  by  cultivating  the  attenuated 
organisms  on  nutrient  agar  and  collecting  the  growth  as  soon  as 
sporulation  was  practically  complete.  Subsequently  the  spore 
emulsion  preserved  in  an  equal  weight  of  glycerine  was  tested  out 
on  guineapigs  and  rabbits  by  subcutaneous  injection  of  various 
fractions  of  one  cubic  centimetre,  and  the  lethal  effect  noticed. 
Should  the  rabbits  survive,  the  material  was  tested  out  on  sheep  and 
goats  in  amounts  ranging  from  20  c.c.  to  .001  c.c.  of  the  emulsion 
by  subcutaneous  injection. 

After  a period  of  two  to  three  weeks  the  immunity  was  ascer- 
tained by  the  subcutaneous  injection  of  virulent  anthrax  spore 
emulsion.  This  constitutes  the  routine  procedure  for  (lie  testing 
of  different  batches  of  anthrax  vaccine  before  issue. 

EXPERIMENT  19. 

In  this  experiment  only  guineapigs  were  used.  Precautions 
were  taken  to  select  animals  that  had  not  been  in  anthrax  experiments 
previously.  Where  it  was  desired  to  exclude,  as  far  as  possible,  skin 
contamination  with  anthrax  material  in  the  course  of  an  injection, 
long  hypodermic  needles  of  very  small  bore  were  used.  The  point 
of  the  needle  was  introduced  under  the  skin  and  carried  as  far  as 
possible  from  the  skin  puncture  before  the  injection  was  made.  On 
withdrawing  the  needle,  the  edge  of  the  skin  at  the  puncture  was 
immediately  disinfected  as  thoroughly  as  possible  by  introducing 
the  points  of  a very  fine  pincet  rolled  in  cotton  wool  and  steeped  in 
a 10  per  cent,  solution  of  tincture  of  iodine.  By  twisting  the  points 
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of  the  pincet  in  the  skin  puncture,  the  edges  were  probably 
immediately  and  thoroughly  disinfected.  This  procedure  was  adopted 
in  every  case  where  skin  contamination  was  not  desired.  Guineapigs 
were  injected  with  a definite  dilution  of  a fairly  weak  vaccine  known 
to  kill  them  in  that  dilution  after  the  usual  subcutaneous  inoculation. 
Animals  that  survived  the  first  injection  were,  afterwards  injected 
subcutaneously  with  a stronger  vaccine  and  which  was  regarded  as 
the  immunity  test. 

(a)  1 ntrapjeritoneaLly — preventing  skin  contain)  nation , 

1 guineapig — .01  c.c. — dead  after  seven  days  Anthrax. 

1 guineapig — .01  c.c — dead  after  eight  days  Anthrax. 

( b)  Deep  intramuscular — preventing  skin  contamination. 

1 guineapig — .01  c.c. — dead  after  six  days  Anthrax. 

1 guineapig — .01  c.c. — dead  after  six  days  Anthrax. 

(c)  Subcutaneous — preventing  skin  contamination. 

1 guineapig — .01  c.c. — dead  after  seven  days  Anthrax. 

1 guineapig — .01  c.c. — survived  first  injection. 

Injected  14  days  later  with  .2  c.c.  stronger  vaccine.  Dead  four 
days  later  Anthrax. 

{(I)  Scari  fication  of  skin  and  rubbing  on  of  Vaccine. 

1 guineapig — -.01  c.c.;  1 guineapig — .01  c.c.:  Both  survived 

first  injection.  Injected  14  days  later  with  .2  c.c.  stronger  vaccine.  • 
One  dead  three  days  later  Anthrax. 

( e ) 7 rit  rat  racheally — preventing  skin  contamination. 

1 guineapig — .01  c.c.;  1 guineapig — .01  c.c.:  Both  survived 

first  injection.  Injected  14  days  later  with  .2  c.c.  stronger  vaccine. 
Both  dead  three  days  later,  Anthrax. 

(f)  Per  os.  On  to  the  back  of  the  tongue. 

1 guineapig — .1  c.c.;  1 guineapig — .1  c.c.:  Both  survived 

first  dose.  Injected  subcutaneously  14  days  later  with  .2  c.c. 
stronger  vaccine.  Both  dead  four  days  later  Anthrax. 

Controls. — Two  guineapigs  injected  subcutaneously  in  the 
ordinary  way  with  .01  c.c.  each  of  the  first  weaker  vaccine  died  in 
four  and  five  days  respectively  from  anthrax. 

Two  guineapigs  injected  subcutaneously  with  .2  c.c.  each  of  the 
second  stronger  vaccine  both  died  in  four  days  from  anthrax. 

Thus  in  the  above  experiments  guineapigs  were  readily  killed 
by  i ntraperitoneal,  intramuscular,  and  subcutaneous  injections  of  a 
weak  vaccine,  while  all  the  guineapigs  survived  the  intratracheal, 
oral,  and  intradermal  by  scarification,  administration  of  the  weak 
vaccine.  These  animals,  however,  all  died  after  the  test  injection 
of  a stronger  vaccine  14  days  later. 

The  above  experiment  was  repeated,  using  smaller  doses  of  the 
weak  first  vaccine,  in  order  to  lose  fewer  animals  and  to  be  able  to 
test  the  immunity  developed  by  means  of  a second  injection  of  the 
same  stronger  vaccine. 
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(a)  Intraperitoneal — preventing  shin  contamination. 

1 guineapig — .001  c.c.;  1 guineapig — .001  c.c.  : Both  survived 
first  injection.  Injected  14  days  later  with  .2  c.c.  stronger  vaccine. 
Both  died  four  days  later  from  anthrax. 

{h)  Intramuscular — preventing  shin  contamination . 

1 guineapig — .001  c.c. — dead  six  days  later  from  Anthrax. 

1 guineapig — .001  c.c. — survived  first  injection.  Injected  14 

days  later  with  .2  c.c.  stronger  vaccine.  Remained  alive. 

(c)  Subcutaneous — preventing  shin  contamination . 

1 guineapig — .001  c.c. — dead  after  nine  days  from  Anthrax. 

1 guineapig — .001  c.c. — Survived  first  injection.  Injected  14 

days  later  with  .2  c.c.  stronger  vaccine.  Dead  four  days  later  from 
Anthrax. 

(d)  Scarification  of  shin  and  rubbing  on  of  vaccine. 

1 guineapig — .001  c.c. — dead  seven  days  afterwards  Anthrax. 

1 guineapig — .001  c.c. — survived  injection.  Injected  14  days 
later  with  .2  c.c.  stronger  vaccination.  Dead  three  davs  later  from 
Anthrax. 

(e)  Intratracheal — preventing  shin  contamination. 

1 guineapig — .001  c.c. ; 1 guineapig — .001  c.c.  : Both  survived 
first  injection.  Injected  14  days  later  with  .2  c.c.  stronger  vaccine. 
Both  dead  four  days  later  Anthrax. 

if)  Per  os — on  to  the  bach  of  the  tongue. 

1 guineapig — .01  c.c.;  1 guineapig — .01  c.c.  : Both  survived  first 
dose.  Injected  subcutaneously  14  days  later  with  .2  c.c.  stronger 
vaccine.  Both  dead  four  days  later  Anthrax. 

A third  immunity  test  was  conducted  in  which  case  a larger 
number  of  guineapigs  were  vaccinated,  with  the  same  first  vaccine 
in  a dilution  of  1:300  as  issued  to  .stockowners.  The  immunity  was 
subsequently  tested  with  .01  c.c.  instead  of  .2  c.c.  of  the  second 
stronger  vaccine,  by  subcutaneous  injection. 


(a)  Subcutaneous  vaccination,  preventing  shin  contamination 


Animal. 

Date 

Vaccine, 

3/5/27. 

Result. 

Date  Stronger 
Vaccine, 
16/5/27. 

Result. 

1 guineapig 

1 „ 

c.c.  (dil.  I : 300). 
1 

1 

Dead,  11/5/27, 
not  Anthrax 

c.c.  subcut. 
0-01 

Dead,  19/5/27, 
Anthrax. 

Dead,  20/5/27, 
Anthrax. 

Dead,  20/5/27, 
Anth  rax. 
Remained  alive. 

1 

1 

0-01 

1 ,,  

i 

0*01 

1 ,,  

i 

0-01 
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( b ) Deep  intramuscular  vaccination,  preventing  shin  contamination . 


Animal. 

Date 

Vaccine, 

3/5/27. 

Result. 

Date  Stronger 
Vaccine, 
16/5/27. 

Result. 

1 guineapig 

c.c.  (dil.  1 : 300). 
1 

Dead,  9/5/27, 

c.c.  subcut. 

1 

1 

Anthrax 
Dead,  11/5/27, 

1 ,,  

1 

Anthrax 

0-01 

Remained  alive. 

1 

1 

0 01 

1 „ 

1 



0-01 

” 

( c ) / nt ruder mal  injection  of  Vaccine. 


Animal. 

Date 

Vaccine, 

3/5/27. 

Result. 

Date  Stronger 
Vaccine, 
16/5/27. 

Result. 

1 guineapig 

c.c.  (dil.  1 : 30). 
0- 1 

Alive 

c.c.  subcut. 
0-01 

Dead.  20/5/27, 

1 ,,  

0-  1 

0-01 

Anthrax. 

Dead,  20/5/27, 
Anthrax. 

Dead,  23/5/27, 
Anthrax. 

1 ,,  

0-1 

0 01 

1 ,,  

0-  1 

001 

Remained  alive. 

1 ,'  

0-1 



0 01 

From  this  retest  it  is  seen  that  out  of  five  guineapigs  vaccinated 
subcutaneously,  one  died  after  vaccination  hut  not  from  anthrax, 
while  following  the  immunity  test  three  out  of  four  died  from  anthrax. 
Of  those  injected  intramuscularly  two  out  of  the  five  died  from 
anthrax  after  vaccination,  while  all  three  the  others  withstood  the 
immunity  test.  Of  the  five  vaccinated  intradermally  three  died  after 
the  immunity  test. 

It  should  he  noted  that  in  the  original  experiment  as  well  as  in 
the  retests  the  same  vaccine  was  used,  only  in  different  dilutions, 
while  the  same  stronger  vaccine  was  used  for  all  the  immunity  tests. 
The  following  points  were  clear:  — 

(a)  Guiueapigs  could  he  killed  by  intraperitoneal  injections 
of  vaccine  anthrax,  while  in  surviving  cases  no  immunity 
could  he  demonstrated. 

(b)  Guineapigs  died  from  anthrax  after  deep  intramuscular 
injection  of  vaccine,  while  in  surviving  cases  the  immunity 
was  fairly  definite. 

(c)  Guineapigs  were  killed  by  subcutaneous  injection  of 

vaccine,  while  in  surviving  cases  no  immunity  could  he 
demonstrated. 

(d)  Fy  scarification  of  the  skin  or  intradermal  vaccination, 
some  guineapigs  died  from  anthrax,  while  in  surviving 
cases  the  immunity  was  uncertain. 
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(e)  By  intratracheal  injections  of  vaccine,  no  deaths  occurred, 
although  no  immunity  could  be  demonstrated  afterwards, 
since  all  the  animals  died  after  the  test  injection. 

(f)  By  the  oral  administration  of  ten  times  the  amount  of 

vaccine  used  in  the  other  tests,  none  of  the  guineapigs 
died,  although  no  immunity  could  be  shown  afterwards. 

Thus,  except  for  the  intratracheal  and  oral  administration  of 
anthrax  vaccine,  guineapigs  could  be  easily  killed  by  the  different 
routes,  while  from  the  immunity  tests  the  intramuscular  vaccination 
would  seem  the  most  promising,  while  the  results  of  intradermal 
vaccination  were  doubtful. 


Comparative  Susceptibility  and  Immunity  Experiments 

CONDUCTED  ON  SlIEEP  AND  GOATS. 

This  series  of  experiments  was  carried  out  with  the  object  of:  — 

(а)  Ascertaining  the  differences  in  susceptibility  to  the  vaccine 

and  the  degree  of  immunity  developed  in  sheep,  and 
especially  in  goats,  following  different  methods  of 
vaccination  with  spore  vaccine. 

(б)  Ascertaining  the  merits  of  cuti-vaccination. 

EXPERIMENT  20. 

The  vaccine  used  was  the  same  as  that  employed  on  the  guinea- 
pigs  in  the  previous  experiment.  It  was  prepared  from  a fairly 
weak  vaccine  strain  and  issued  for  use  in  goats  in  a dilution  of 
1:300.  In  the  routine  tests  on  guineapigs,  it  killed  them  in  a 
dilution  of  .01  c.c.,  while  .001  c.c.  proved  safe.  Tested  out  on  sheep 
and  goats  all  animals  remained  alive,  although  in  the  immunity  test 
two  out  of  the  six  sheep  died  as  well  as  three  out  of  14  goats,  showing 
that  the  immunizing  power  of  the  vaccine  was  not  very  strong. 

The  main  aim  of  these  tests  was  to  compare  the  safety  and 
immunity  following  (a)  subcutaneous  and  ( b ) cuti-vaccination, 
but  since  the  intramuscular  vaccination  had  given  the  most 
encouraging  results  in  guineapigs,  it  was  decided  to  include  this 
method  of  vaccination  in  the  tests.  As  in  the  guineapig  experiments, 
strict  precautions  were  taken  in  order  to  minimise  skin  contamination 
with  the  vaccine  when  injected  subcutaneously  or  intramuscularly. 
The  injection  was  thus  made  as  far  as  possible  from  the  puncture  of 
the  skin,  while  the  wound  was  immediately  disinfected  with  the 
pincet  and  cotton  wool  swab  soaked  in  10  per  cent,  tincture  of  iodine 
solution.  The  vaccination  in  all  cases  was  carried  out  on  the  inside 
of  the  thigh,  while  for  the  subsequent  immunity  test  the  inside  of 
the  other  thigh  was  used.  Temperature  records  were  kept  of  all  the 
animals. 

The  object  in  using  the  weak  vaccine  was  to  note  (lie  differences, 
if  any  in  the  degree  of  immunity  since  with  a stronger  vaccine  it 
is  conceivable  that  these  differences  might  quite  easily  have  been 
masked.  For  the  immunity  tests  a standard  fully  virulent  spore 
emulsion  of  known  strength  was  used.  In  this  case  the  injections, 
unless  otherwise  stated,  were  all  made  subcutaneously  into  tin*  other 
thigh  of  the  animal. 
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A.  All  vaccine  injections  made  subcutaneously,  preventing  skin 
contamination  : — 


Animal. 

Date 

Vaccine, 

5/4/27. 

Result. 

Date 

Virulent 

Spores. 

Dose 

Virulent 

Spores. 

Result. 

c.c.  (dil.  1 : 300). 

M.L.D. 

Sheep  15790 

1 

— 

19/4/27 

500 

Dead,  25/4/27, 
Anthrax, 

„ 15546 

1 

— 

25/4/27 

500 

Remained  alive. 

„ 15584 

1 

— 

500 

Dead,  29/4/27, 
Anthrax. 

„ 15776 

1 

— 

” 

250 

Dead,  29/4/27, 
Anthrax. 

„ 5474 

1 

— 

” 

750 

Dead,  29/4/27, 
Anthrax. 

B.  All  vaccine  injections  made  intramuscularly , preventing-  skin 
contamination  : — 


Animal. 

Date 

Vaccine, 

5/4/27. 

Result. 

Date 

Virulent 

Spores. 

Dose 

Virulent 

Spores. 

Result. 

Sheep  10897 

c.c.  (dil.  1 : 300). 
1 

19/4/27 

M.L.D. 

500 

Remained  alive. 

,,  15575 

1 

— 

25/4/27 

500 

15757 

1 

— 

500 

,,  15467 

1 

— 

,, 

250 

Dead,  28/4/27, 

„ 15643 

1 

- 

” 

750 

Anthrax. 
Remained  alive. 

C.  Vaccine  applied  to  skin  after  scarification  of  a patch  1| 
inch  square:  — 


Animal. 

Date 

Vaccine, 

5/4/27. 

Result. 

Date 

Virulent 

Spores. 

Dose 

Virulent 

Spores. 

Result. 

Sheep  15649 

c.c.  (dil.  1 : 75). 
0-25 

19/4/27 

M.L.D. 

500 

Dead,  23/4/27 

15547 

0-25 

25/4/27 

500 

Anthrax. 

Dead,  27/4/27, 

,,  10920 

0-25' 

_ 

500 

Anthrax. 

Dead,  29/4/27, 

,,  15460 

0-25 

_ 

250 

Anthrax. 

Dead,  29/4/27, 

,,  15458 

0-25 

— 

” 

750 

Anthrax. 
Remained  alive. 

Thus,  out  of  the  five  sheep  vaccinated  subcutaneously  four 
succumbed  to  anthrax  after  the  immunity  test,  and  likewise  four 
of  the  five  in  which  the  vaccine  was  applied  on  the  scarified  skin, 
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died  after  tlie  immunity  test.  Of  the  five  vaccinated  intramuscularly, 
only  one  died.  As  mentioned  before  the  vaccine  was  definitely  weak, 
but  still  the  differences  in  the  results  following  different  methods  of 
vaccination  were  clearly  shown,  as  was  the  case  with  the  guineapigs, 
where  intramuscular  vaccination  also  appeared  the  most  promising. 
No  difference  was  noted  in  the  results  of  cuti-vaccination  as  compared 
to  subcutaneous  injection. 

It  should  be  mentioned  that  none  of  the  sheep  injected  sub- 
cutaneously or  by  scarification  showed  any  temperature  reaction 
after  the  vaccination,  whereas  of  those  injected  intramuscularly  two 
showed  a welll marked  rise  in  temperature  up  to  10b. 4°  F.  on  the 
third  day  after  vaccination,  while  two  showed  a rise  to  103.8°  F.  and 
the  fifth  only  a very  slight  rise.  Thus,  the  reaction  produced  by 
intramuscular  injection,  as  gauged  by  the  temperature  charts,  was 
clearly  more  marked  than  witli  the  other  two  methods. 

A retest  of  the  above  experiments  was  carried  out  on  nine  more 
sheep  as  follows:  — 

A.  All  vaccine  injections  made  subcutaneously,  preventing  skin 
contamination : — 


Animal. 

Date 

Vaccine, 

28/5/27. 

Result. 

Date  Virulent 
Spores, 
11/6/27. 

Result. 

c.c.  (dil.  1 : 300). 

M.L.D. 

Sheep  16157 

1 

— 

250 

Dead,  19/6/27, 

Anthrax. 

,,  15778 

1 

— 

500 

Remained  alive. 

,,  16170 

1 

— 

750 

” 

B.  All  vaccine  injected  intramuscularly , preventing  skin 

contamination  : - 

Date 

Date  Virulent 

Animal. 

Vaccine, 

Result. 

Spores, 

Result. 

28/5/27. 

1 1/6/27. 

c.c.  (dil.  1 : 300). 

M.L.D. 

Sheep  16159 

1 

— 

250 

Romained  alive. 

,,  10912 

1 

— 

500 

„ 16164 

1 

— 

750 

” 

C.  All  vaccine  injectec 

i n t rad  er  mally. 

Date 

Date  Virulent 

Animal. 

Vaccine, 

Result. 

Spores, 

Result. 

28/5/27. 

1 1/6/27. 

c.c.  (dil.  1 : 75). 

M.L.D. 

Sheep  15769 

0-25 

— 

250 

Dead,  13/6/27, 

Anthrax. 

,,  15831 

0-25 

— 

500 

Remained  alive. 

„ 10918 

0-25 

760 

” 
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From  the  retest  it  is  seen  that  one  out  of  the  three  vaccinated 
subcutaneously  as  well  as  one  out  of  the  three  vaccinated 
into  the  skin  succumbed  to  the  immunity  test,  while  those  injected 
intramuscularly  remained  alive. 

A third  test  on  sheep  was  carried  out  with  the  same  vaccine 
although  the  immunity  test  dose  was  increased  up  to  3,000  M.L.D. 
The  object  of  the  experiment  was  to  note  the  quantity  of  virulent 
spore  emulsion  necessary  to  break  the  immunity  in  each  case:  — 

A.  All  vaccine  subcutaneously , preventing  skin  contamination  : 


Animal. 

Date 

Vaccine, 

11/6/27. 

Result. 

Date  Virulent 
Spores, 
25/6/27. 

Result. 

Sheep  15538 

c.c.  (dil.  1 : 300). 
1 

M.L.D. 

1,500 

Dead,  28/6/27, 

16142 

1 



2,000 

Anthrax. 

Dead,  28/6/27, 

16151 

1 

2,500 

Anthrax. 
Remained  alive. 

,,  16139 

1 

— 

3,000 

” 

B.  All  vaccine  intramuscularly , preventing  skin  contamination  : 


Animal. 

Date 

Vaccine, 

11/6/27. 

Result. 

Date  Virulent 
Spores, 
25/6/27. 

Result. 

c.c.  (dil.  1 : 300). 

M.L.D. 

Sheep  15391 

1 

— 

1,500 

Remained  alive. 

,,  15781 

1 

— 

2,000 

,,  15807 

1 

— 

2,500 

„ 15651 

1 

— 

3,000 

” 

C.  A 13  vaccine  injected 

intradermally . 

Date 

Date  Virulent 

Animal. 

Vaccine, 

Result. 

Spores, 

Result. 

11/6/27. 

25/6/27. 

c.c.  (dil.  1 : 75). 

M.L.D. 

Sheep  15796 

0-25 

— 

1,500 

Remained  alive. 

,,  15792 

0-25 

— 

2,000 

Dead,  28/6/27, 

Anthrax. 

,,  15810 

0 • 25 

2,500 

Remained  alive. 

,,  15779 

0-25 

— 

3,000 

Dead,  28/6/27, 

Anthrax. 

Thus,  two  out  of  four  vaccinated  subcutaneously,  and  another 
two  vaccinated  intradermally,  succumbed  after  the  immunity  test, 
while  all  four  injected  intramuscularly  remained  alive. 
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Seeing  that  the  intradermal  vaccination  produced  no  better 
immunity  than  the  subcutaneous  method,  the  former  was  discon- 
tinued. Comparative  tests  were  then  conducted  on  goats,  some 
vaccinated  subcutaneously  and  others  intramuscularly. 

Comparative  Immunity  Tests  on  Goats. 

EXPERIMENT  21. 

The  same  vaccine  which  was  employed  in  the  previous  experi- 
ments was  also  used  on  goats  as  follows:  — 

A.  Vaccine  injected  subcutaneously,  preventing  skin  contamina- 
tion : 


Animal. 

Date 

Vaccine, 

12/8/27. 

Result. 

Date  Virulent 
Spores, 
29/8/27. 

Result. 

c.c.  (dil.  1 : 300). 

M.L.D. 

Goat  17951 

1 

— 

500 

Dead,  31/8/27, 

Anthrax. 

..  17967 

l 

— 

500 

Dead,  31/8/27, 

Anthrax. 

,,  17952 

1 

— 

1,000 

Remained  alive. 

,,  17970 

1 

— 

500 

Dead,  31/8/27, 

Anthrax. 

,,  17947 

1 

— 

1,000 

Remained  alive. 

B.  Vaccine 

injected  intramuscularly  preventing  skin  contamin- 

ation  : 

Date 

Date  Virulent 

Animal. 

Vaccine, 

Result. 

Spores, 

Result. 

12/8/27. 

29/8/27. 

c.c.  (dil.  1 : 300). 

M.L.D. 

Goat  17975 

1 

— 

500 

Remained  alive. 

,,  17972 

1 

— 

500 

,, 

,,  17963 

1 

— 

1,000 

,, 

,,  17968 

1 

— 

500 

„ 17962 

1 

— 

1,000 

” 

Result. — Out  of  the  five  goats  vaccinated  subcutaneously,  three 
died  from  anthrax  after  the  immunity  test,  while  all  five  the  goats 
vaccinated  intramuscularly  survived  the  immunity  test. 


It  was  then  decided  to  ascertain  the  degree  of  safety  of  a strong 
cattle  vaccine  for  goats  when  injected  subcutaneously  in  the  one  case, 
and  deep  intramuscularly  in  the  other.  For  this  purpose  I c.c.  of  a 
1 in  10  dilution  of  a strong  cattle  vaccine  was  used.  The  vaccine 
regularly  killed  guineapigs  in  a dilution  of  1 in  1,000. 
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A.  Vaccine  injected  subcutaneously , preventing  skin  oontamina- 
ation. 


Animal. 

Date 

Vaccine, 

23/8/27. 

Result. 

Date  Virulent 
Spores, 
15/9/27. 

Result. 

cc.  (dil.  1 : 10). 

M.L.D. 

Goat  17984 

1 

Dead,  29/8/27, 

— 

— 

Anthrax 

,,  17974 

1 

Alive 

1,500 

Remained  alive. 

17989 

1 

1,500 

17961  

1 

Dead,  1/9/27, 



Anthrax 

,.  17944 

1 

Alive 

1,500 

Remained  alive. 

,,  17976 

1 

1,500 

,,  17945 

1 

Dead,  26/8/27, 

— 

Anthrax 

,,  17971 

1 

Dead,  31/8/27, 

— 

— . 

Anthrax 

,,  17941 

1 

Dead,  27/8/27, 

— 

— 

Anthrax 

„ 17960 

1 

Alive 

1,500 

Remained  alive. 

B.  Vaccine  injected  intramuscularly,  preventing  skin  contami- 
nation. 


Animal. 

Date 

Vaccine, 

23/8/27. 

Result. 

Date  Virulent 
Spores, 
15/9/27. 

Result, 

c.c.  (dil.  1 : 10). 

M.L.D. 

Goat  17964 

1 

Alive 

1,500 

Remained  alive. 

,,  17966 

1 

1,500 

,,  17982 

1 

L500 

,,  17981  

1 

Dead,  29/8/27, 

— 

Anthrax 

,,  17965 

1 

Alive 

1,500 

Remained  alive. 

,,  17942 

1 

1,500 

,,  17955 

1 

1,500 

,,  17977 

1 

1,500 

’’  17969 

1 

Dead,  27/8/27, 

— 

Anthrax 

,,  17987 

1 

Dead,  26/8/27, 

— 

— 

Anthrax 

Result. — Of  the  ten  goats  vaccinated  subcutaneously,  five  died 
from  anthrax  a few  days  after  vaccination.  Of  the  ten  goats  injected 
intramuscularly,  three  died  from  anthrax  after  vaccination.  Of  the 
12  surviving  goats,  every  single  one  withstood  the  immunity  test  of 
1,500  M.L.D.  virulent  spores,  showing  that  a solid  immunity  had 
been  established  by  this  strong  vaccine  irrespective  of  the  method 
of  vaccination.  With  reference  to  the  relative  safety  of  vaccination 
as  shown  by  the  two  results,  it  would  appear  that  fewer  deaths  might 
be  expected  from  intramuscular  vaccination  than  from  subcutaneous 
injections. 
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The  temperature  reaction  following'  vaccination  was  equally 
well  marked  in  both  lots  of  animals. 

Comparative  Susceptibility  and  Immunity  Experiments  on 

Horses. 

Since  of  the  various  species  of  domesticated  animals  usually 
vaccinated  against  anthrax,  horses  seem  to  be  the  most  susceptible 
to  the  development  of  subcutaneous  oedematous  swellings  following 
vaccination,  a series  of  experiments  were  conducted  with  the  object 
of  (a)  ascertaining*  what  factors  are  involved  in  the  production  of 
swellings;  ( b ) the  relative  value  of  different  methods  of  vaccination 
as  far  as  the  incidence  of  swellings  was  concerned.  As  stated  before, 
although  the  horse  shows  well-marked  susceptibility  to  anthrax 
under  natural  conditions,  it  is  very  difficult  to  cause  a fatal  anthrax 
infection  by  the  administration  of  cultures.  It  is  for  this  reason 
that  immunity  tests  were  not  carried  out  on  a large  scale,  since 
these  could  not  be  regarded  as  being  very  reliable. 


EXPERIMENT  22. 

In  order  to  ascertain  the  cause  of  the  swellings  following 
vaccination,  a number  of  different  materials  was  injected 
subcutaneously  into  horses.  It  was  reasonable  to  suspect  either  some 
non-living  toxic  material  elaborated  by  the  anthrax  organism  in  the 
artificial  media  and  collected  with  the  spores  in  the  preparation  of 
the  vaccine,  or,  alternately,  its  elaboration  in  the  animal  body  at  the 
seat  of  inoculation.  As  a second  possibility,  had  to  be  con  si  deer  d the 
harmful  effect  that  the  organism  itself  might  have  on  the  live  tissues, 
especially  the  blood  vessels  of  the  part,  and  allowing  an  increased 
capillary  permeability, 

(a)  Injection  of  broth  filtrates. 

As  mentioned  in  the  latter  part  of  Experiment  10  (which  see),  two 
horses  were  injected  subcutaneously  on  the  side  of  the  neck  with 
10  c.c.  and  5 c.c.  respectively  of  a sterile  broth  filtrate  prepared  by 
growing  fully  virulent  anthrax  organisms  in  broth  for  30  days.  As 
control  a third  horse  was  injected  with  10  c.c.  ordinary  sterile  nutrient 
broth.  In  all  three  animals  the  temperature  remained  undisturbed 
and  not  a sign  of  a swelling  was  noted.  Toxic  substances  elaborated 
in  the  broth  were,  therefore,  excluded. 

(h)  Fluid  from  Agar. 

It  was  noticed  that  a small  amount  (1-2  c.c.)  of  condensation 
fluid  collected  on  the  surface  of  the  nutrient  agar  after  this  had  sot 
in  the  flat-bottomed  Fernbach  flasks  prior  to  inoculation  with  the 
broth  cultures.  As  some  of  this  fluid  at  any  rate  would  be  collected 
with  the  spores,  and  thus  be  present  in  the  vaccine,  if  was  poured  off 
from  a number  of  agar  containing  Masks  and  injected  suheutaneoush 
into  two  horses,  5 c.c.  each,  on  flu*  side  of  the  neck.  They  were  kept 
under  observation  for  seven  days  without,  however,  showing  any 
swelling. 
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(c)  Washed  Vaccine  Spores. 

A certain,  fairly  weak  batch  of  vaccine  was  injected  in  a dilution 
1 in  100  in  the  ordinary  way  subcutaneously  into  16  horses.  Of  these, 
seven  showed  well-marked  oedematous  swellings  and  six  slight 
swelling's  within  a few  days  after  vaccination.  The  remaining  three 
did  not  show  any  swelling.  Seeing  that  this  vaccine  definitely 
produced  swellings  in  horses,  a small  amount  of  the  concentrated 
glycerinized  spore  emulsion  was  repeatedly  washed  in  saline  and 
centrifuged.  The  washed  spores  were  then  as  near  as  possible  again 
diluted  to  1:100  and  injected  into  horses  1 c.c.  each  subcutaneously 
on  the  side  of  the  neck  as  follows:  — 


Animal. 

Vaccination. 

Result. 

Horse  17605 

c.c.  washed  spores  subcut. 

1 

Small  diffuse  swelling  on  4th  day. 

,,  17970 

1 

disappeared  on  the  7th  day. 
Small  swelling  on  5th  day,  dis- 

,,  17314 

1 

appeared  on  the  8th  day. 
Negative. 

,,  17628 

1 

,, 

,,  17717 

1 

,, 

,,  69 

1 

,, 

,,  17793 

1 

,, 

,,  17613 

1 

,, 

17689 

1 

,, 

„ 17541 

1 

” 

Thus,  out  of  the  ten  horses  vaccinated  with  washed  spores 
subcutaneously,  two  only  showed  small  swellings  at  the  site  of  injec- 
tion. 

At  the  same  time  ten  more  horses  were  shaved  on  the  side  of  the 
neck  and  a small  patch  scarified.  Ordinary  glycerinized  emulsion 
from  the  same  batch  as  used  above  (and  which  had  produced 
swellings  in  13  out  of  16  horses)  was  rubbed  in  to  the  scarified  parts 
.1  c.c.  of  a 1:10  dilution.  In  none  of  these  ten  animals  was  there 
any  sign  of  the  development  of  a swelling. 

In  order  to  check  the  results  obtained  in  the  first  test  where  the 
animals  showed  swellings,  five  control  horses  were  again  vaccinated 
subcutaneously  with  the  same  ordinary  glycerinized  emulsion  again 
in  a dilution  of  1 : 100.  The  result  of  the  retest  was  that  no  swelling 
developed  in  any  of  the  five  horses.  It  should  be  mentioned  that 
the  same  aseptic  precautions  in  all  these  experiments  were  observed 
throughout,  i.e.  the  skin  wras  carefully  disinfected  in  each  case,  and 
all  the  instruments  boiled.  The  only  difference  in  these  two  experi- 
ments was  that  the  first  lot  of  16  horses  that  showed  swellings  were 
inoculated  under  veld  conditions,  the  animals  running  in  a paddock 
day  and  night.  The  experiment  was  conducted  in  September,  1926. 
I’ he  weather  was  fairly  warm  throughout,  and  no  rain  fell  on  the 
animals.  The  other  animals  vaccinated  with  the  washed  spores,  as 
well  as  those  done  by  scarification  and  the  last  five  controls  injected 
subcutaneously,  were  stabled  at  night  and  allowed  out  into  a paddock 
during  the  day. 
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EXPERIMENT  23. 

It  was  then  decided  to  ascertain  the  effect  on  horses  of  a strong- 
hatch  of  cattle  vaccine  that  had  killed  a goat  and  also  guineapigs 
in  dilutions  up  to  1 in  1,000. 

(a)  Ordinary  glycerinized  spore  emulsion  dilution  1:1,000 
injected  subcutaneously  on  side  of  neck  1 c.c.  each. 


Animal. 

Result. 

Horse  17714 

Small  flat  diffuse  swelling  on  4th  dav,  dis- 

appeared  6th  day. 

17876 

Negative. 

,,  17636 

” 

( b )  Ordinary  glycerinized  emulsion  dilution  1:100  rubbed  on  to 
scarified  patch  .1  c.c.  each. 


Animal. 


Horse  17779 
17441 
,,  17705 


Negative. 


Result. 


(c)  Twenty-four  hour  broth  culture  prepared  from  the  above  spore 
emulsion,  repeatedly  washed  in  saline  and  centrifuged.  Suspension 
of  washed  bacilli  only,  in  dilution  1 : 100,  was  injected  subcutaneously 
1 c.c.  each. 


Animal. 

Result. 

Horse  17444 

Negative. 

,,  17965 

,, 

,,  17701 

(d)  Ordinary  spore  emulsion  repeatedly  washed  in  saline  and 
centrifuged.  Suspension  of  washed  spores  only  in  a dilution  of 
1 : 100  injected  subcutaneously  1 c.c.  each. 


Animal. 

Result. 

Horse  17536 

Large  round  swelling,  6 x 4",  running  down  and 

painful  on  the  3rd  day,  subsided  on  6th  day. 

,,  17620 

Long  running  down  swelling,  6 x 2",  on  3rd 

day  subsided  on  7th  day. 

„ 17540 

Negative. 
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Thus,  out  of'  the  12  horses  inoculated  in  different  ways,  some 
with  ordinary  emulsion  and  others  with  washed  spores  and  washed 
bacilli,  only  the  two  of  the  three  animals  injected  subcutaneously  with 
the  washed  spores  showed  large  and  well-marked  swellings.  The 
others,  except  for  the  one  horse  17714  injected  with  the  ordinary 
glycerinized  emulsion  subcutaneously  and  which  showed  a small 
round  swelling  on  the  4th  day,  all  remained  in  normal  health. 

Although  it  is  very  difficult  to  interpret  these  results,  one  point 
seems  certain,  that  the  washed  spores  freed  from  all  extracellular 
material  are  capable  of  producing  swellings. 

In  Experiment  17  (which  see),  it  was  mentioned  that  the  clear 
fluid  collected  from  the  oedematous  swelling  of  Horse  18028  following 
vaccination  was  again  injected  into  two  other  horses  in  5 and  10  c.c. 
amounts  without,  however,  producing  the  slightest  swelling  in  them. 
From  the  results  obtained  with  the  washed  spores  it  would  seem 
that  swellings  could  be  produced  without  the  presence  of  toxic  sub- 
stances in  the  vaccine.  Furthermore,  such  substances  could  not  be 
detected  in  the  oedema  fluid  as  tested  out  on  other  horses. 

EXPERIMENT  24. 

The  object  of  this  experiment  was  to  ascertain  and  compare  swel- 
lings in  horses  vaccinated  (a)  subcutaneously,  (b)  intramuscularly 
with  a fairly  strong  anthrax  spore  vaccine.  All  the  horses  were 
injected  in  the  side  of  the  neck. 

(a)  Subcutaneous  injection . — Of  the  15  horses  injected  1 c.c. 
each  of  a dilution  1:500,  eight  showed  well-marked  swellings,  four 
slight  swellings  and  three  were  negative. 

(b)  intramuscular  injection,  preventing  skin  contamination  by 
swabbing  needle  wound  with  tincture  of  iodine. — Of  the  15  horses 
injected  1 c.c.  each  of  a dilution  1:500,  eight  showed  well-marked 
swellings,  three  slight  swellings  and  five  were  negative. 

It  is  thus  seen  that  the  number  showing  swellings  were  more 
or  less  equally  divided  between  the  two  lots. 

EXPERIMENT  25. 

In  this  experiment  it  was  decided  to  attempt  to  ascertain  the 
degree  of  immunity  established  by  subcutaneous  and  intramuscular 
injections  on  the  same  lines  as  adopted  for  the  sheep  experiments. 
As  no  reliable  minimal  lethal  dose  of  virulent  spores  could  be  deter- 
mined for  horses,  the  standard  for  sheep  was  adopted. 


A.  Subcutaneous  injection  of  the  same  vaccine  as  used  above. 


Horse. 

Date 

Vaccine, 

3/8/27. 

Result. 

Date 

Virulent 

Spores. 

Result. 

17967 

c.c.  subcut. 

1 

Negative 

15/9/27 

M.L.D. 

20,000 

Alive. 

18230 

1 

Small  flat  swelling 

28/10/27 

40,000 

,, 

18213 

1 

Slight  nodular 

25/8/27 

10,000 

,, 

17789 

1 

swelling 

Slight  swelling.  . . 

28/10/27 

50,000 

18097 

1 

Negative 

15/9/27 

20,000 

.. 
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Result. — Three  out  of  the  five  horses  vaccinated  showed  small 
swellings.  All  the  animals  withstood  an  immunity  test  as  high  as 
50,000  M.L.D.  (sheep  standard). 


B.  Deep  intramuscular  preventing  skin  contamination. 


Horse. 

Date  Vaccine, 
3/8/27. 

Result. 

Date  Virulent 
Spores. 

Result. 

c.c. 

M.L.D. 

17737 

1 

Negative 

25/8/27 

10,000 

Alive. 

18089 

1 

28/10/27 

40,000 

40.000 

50.000 

18079. . . 

1 

17860 

1 

Very  slight  swel- 

. 

’’ 

ling 

18464 

1 

Very  slight  swel- 

,, 

50,000 

,, 

ling 

Thus,  two  out  of  the  five  horses  showed  very  slight  swellings 
after  vaccination,  while  all  withstood  the  immunity  test,  which  in 
some  cases  was  applied  practically  three  months  after  vaccination. 

Control. — Horse  18100  was  injected  with  10,000  M.L.l).  (for 
sheep)  of  the  virulent  spore  emulsion  used  above.  The  animal  died 
from  anthrax  within  five  days.  Horse  16621  was  given  by  the  mouth 
100,000  M.L.D.  (for  sheep)  of  the  same  spore  emulsion,  without, 
however,  showing  any  ill  effect. 

From  the  preceding  experiments,  as  well  as  from  a number 
of  other  tests  conducted  on  horses,  it  seems  very  difficult  to  predict 
the  development  of  swellings,  since  in  many  cases  it  may  result  from 
the  use  of  a weak  vaccine  and  not  from  a stronger  one.  Further, 
it  frequently  happens  that  a retest  reveals  totally  different  results. 
With  regard  to  the  different  methods  of  vaccination,  swellings  have 
been  noted  with  each,  in  practically  the  same  proportion  of  cases,  so 
that  no  definite  advantages  could  be  ascribed  to  any  particular  one 
method  from  this  respect.  Although  it  is  difficult  to  ascertain  within 
narrow  limits  the  M.L.D.  of  virulent  material  for  horses,  there  is 
little  doubt  that  a strong  immunity  is  developed,  e.g.  the  vaccinated 
horses  withstood  as  much  as  50,000  sheep  M.L.D.  whereas  one  control 
died  of  10,000  M.L.D.  (sheep). 

5.  SUMMARY  AND  GENERAL  DISCUSSION. 

As  mentioned  before,  the  main  object  of  this  work  was  to 
ascertain: — (a)  To  what  extent  the  metabolic  products  elaborated  by 
the  Bacillus  anthracis  either  in  vitro  or  in  the  animal  body  could  be 
utilized  as  active  immunizing  agents  against  the  disease,  (b)  To 
compare  the  degree  of  immunity  developed  by  different  methods  of 
vaccination. 

In  the  foregoing  report  an  account  was  given  of  the  various 
experiments  conducted  and  the  results  that  were  obtained.  It  is 
now  intended  to  summarize  and  discuss  these  results. 
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1.  Introduction. — Mention  was  made  of  the  great  importance  of 
the  anthrax  problem  in  most  countries  of  the  world,  and  as  a result 
of  it  the  tremendous  amount  of  research  work  carried  out.  Although 
much  valuable  knowledge  had  been  gained  in  combating  the  disease, 
numerous  points  in  connection  with  the  biology  of  the  organism  both 
in  nature  and  in  the  animal  body  were  still  unsolved. 

Practically  every  make  of  anthrax  vaccine  used  is  composed  of 
the  living  but,  attenuated  organism  either  in  the  vegetative  or  in 
spore  form.  Vaccine  prepared  from  a well-selected  strain  and  care- 
fully prepared,  as  a general  rule  affords  a good  active  immunity  in 
most  of  the  domestic  animals,  and  is  indeed,  together  with  the  proper 
disposal  of  anthrax  carcases,  our  only  means  of  eradicating  the  dis- 
ease. There  seems  to  be  strong  evidence  that  once  a particular  strain 
had  been  attenuated  to  the  vaccine  stage,  subsequent  increase  in 
virulence  does  not  take  place,  although  animals  may  occasionally 
die  from  the  attenuated  strain  following  vaccination.  A more  ideal 
vaccine,  however,  would  be  one  from  which  the  living  organism  has 
been  excluded. 

2.  Selection  of  Experimental  Animals. — Before  conducting 
immunity  work  on  anthrax,  as  on  any  other  disease,  it  is  essential 
that  the  experimental  animals  are  carefully  selected,  especially  where 
there  are  marked  differences  in  susceptibility  and  immunity  exhibited 
by  the  various  species  to  the  disease  in  question.  Failure  to  appre- 
ciate this  fact  may  easily  lead  to  erroneous  conclusions.  The  small 
laboratory  animals,  although  markedly  susceptible  to  anthrax,  are 
difficult  to  immunize,  hence  their  unreliability  for  such  work.  Horses 
and  cattle  on  the  other  hand,  although  susceptible  to  natural  infection 
with  anthrax,  are  difficult  to  kill  by  artificial  infection.  Outbreaks  of 
anthrax  among  these  animals  may  be  stopped  by  vaccination,  clearly 
showing  that  immunity  is  developed,  although  it  is  difficult  to  ascer- 
tain the  degree  of'  immunity,  since  many  animals  show  an  inherent 
resistance  to  artificial  infection. 

The  ideal  species  of  animal  for  the  work  is  one  showing  a 
practically  uniform  susceptibility  to  artificial  infection  combined 
with  the  quality  of  developing  after  vaccination  an  active  immunity, 
and  which  can  be  fairly  accurately  tested  within  a suitable  period, 
by  the  administration  of  virulent  material.  From  the  various  experi- 
ments conducted  it  would  seem  that  merino  sheep,  and  to  a lesser 
extent  the  ordinary  domesticated  goat,  are  more  suitable  for  this 
work  than  any  of'  the  other  species  tried  out.  It  is  for  this  reason 
that  practically  all  the  immunity  experiments  were  conducted  on 
sheep  and  in  some  cases  also  on  goats. 

•3.  Attenuation  of  Virulent  Strains. — Several  strains  of  virulent 
anthrax  were  attenuated  by  the  Pasteur  method,  i.e.  the  prolonged 
incubation  of  broth  cultures  at  a temperature  of  42°  C.  Subcultures 
on  to  nutrient  agar  were  made  every  five  days,  and  test  batches  of 
spore  vaccine  prepared  from  different  attenuations  and  also  from 
different  colonies  of  the  same  attenuation.  The  virulence  of  the  test 
vaccines  was  ascertained  by  injecting  small  animals.  From  the 
results  obtained,  it  was  clear  that  some  strains  took  much  longer  to 
become  attenuated  than  others,  while  even  in  the  same  strain  there 
was  an  unequal  attenuation  of  the  organisms,  some  showing  marked 
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virulence  even  after  80  days’  incubation  at  42°  C.  Although  the 
vaccines  prepared  from  many  of  the  attenuations  proved  safe,  the. 
immunizing  power  in  many  instances  was  unsatisfactory,  as  shown 
by  tests  on  sheep  and  goats.  The  only  reliable  method  of  obtaining 
an  efficient  vaccine  strain  seems  to  be  the  preparation  and  testing 
out  of  numbers  of  test  hatches  of  vaccine  prepared  from  the  different 
attenuations,  and  even  from  different  colonies,  of  several  strains.  It 
would  appear  that  there  exists  a marked  individuality  of  strains,  and 
perhaps  even  of  the  organisms  in  the  same  strain. 

Attenuation  was  also  attempted  by  cultivating  virulent  organisms 
for  long  periods  in  various  uncommon  liquid  media.  From  the  small 
animal  tests  it  would  appear,  however,  that  attenuation  was  in  no  way 
hastened  by  this  method.  The  repeated  alternate  freezing  and  thaw- 
ing of  young  virulent  anthrax  bacilli  was  not  found  to  cause  any 
decrease  in  virulence  for  gumeapigs,  rabbits  and  white  mice,  and 
hence  proved  unsuitable  for  the  production  of  a vaccine  strain.  The 
Pesteur  method,  although  frequently  very  tedious  and  disappointing, 
seems  to  be  the  best  method  of  attenuating  anthrax  strains. 

4.  Disintegrated  Anthrax  Cultures. — Saline  emulsions  prepared 
from  the  surface  growth  of  young  anthrax  cultures  were  disintegrated 
either  by  physical  or  chemical  means.  Sterile  germ-free  filtrates 
were  obtained  by  passing  this  material  through  bacterial  filters. 
Such  filtrates  when  injected  into  animals  were  neither  toxic  to 
guineapigs  and  white  mice,  nor  did  they  provoke  immunity  in  sheep 
and  goats  against  the  disease.  These  experiments  tend  to  exclude 
the  presence  of  any  endocellular  toxins  or  immunizing  substances 
within  the  anthrax  bacilli  cultivated  on  artificial  media  and  subse- 
q u e n t ly  d i s i n tegr at e d . 

5.  Washed  Anthrax  Cultures. — Vaccine  spores  as  well  as  young 
vegetative  forms  derived  from  these  spores  were  thoroughly  washed 
free  from  all  extracellular  substances  by  repeated  shaking  up  in 
saline  and  centrifugalizing.  Both  the  washed  spores  and  the  washed 
bacilli  when  injected  into  guineapigs  and  mice,  produced  death  from 
anthrax  the  same  as  did  the  unwashed  material.  In  this  respect 
B.  anthracis  differs  markedly  from  the  B.  ehauveaui,  where  the 
presence  of  its  metabolic  products  is  essential  in  causing  the  death  of 
an  animal  . Sheep  and  goats  developed  a solid  active  immunity  when 
vaccinated  either  with  the  washed  anthrax  spores  or  the  washed 
bacilli. 

6.  Metabolic  products  elaborated  by  the  Bacillus  anthracis  in 
vitro. — Both  virulent  and  vaccine  strains  of  anthrax  were  cultivated 
in  15  different  liquid  media  for  periods  up  to  five  weeks,  after  which 
time  the  material  was  passed  through  bacterial  filters  and  a sterile 
filtrate  obtained.  The  object  of  these  experiments  was  to  ascertain 
the  toxic  or  immunizing  properties  of  such  filtrates.  Varying 
amounts  of  each  filtrate  were  injected  into  guineapigs  and  mice, 
without  producing  any  ill  effect  on  any  of  f lu*  animals.  ’Phis  excludes 
the  presence  of  any  extracellular  toxins  elaborated  in  iliese  different 
media.  When  tested  out  on  sheep  and  goafs,  these  filtrates  were 
completely  safe,  but  of  no  immunizing  value,  since  with  one  or  two 
exceptions  all  the  animals  died  from  anthrax  after  the  immunity 
test.  In  two  sheep  injected  with  filtrate  prepared  by  growing  B. 
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anthracis  in  ascites  fluid  from  a dog  mixed  with  an  equal  quantity 
of  ordinary  nutrient  broth,  the  immunity  test  was  withstood.  It 
would  thus  appear  that  no  metabolic  products  comparable  to  the 
“ aggressin  ” of  the  B.  chauveaui  or  to  the  toxin  of  B.  tetani  were 
elaborated  by  the  B.  anthracis  in  artificial  media.  Such  products, 
if  present,  were  neither  toxic  nor  of  any  real  immunizing  value. 

7.  Metabolic  products  elaborated  by  the  Bacillus  anthracis  in  the 
animal  body. — An  imported  product,  so-called  “ true  anthrax 
aggressin,”  prepared  from  the  juices  extracted  from  anthrax  carcases, 
was  tested  out  on  sheep  and  goats.  Although  completely  safe,  its 
immunizing  value  was  negligible,  since  all  eight  animals  vaccinated 
with  it  died  from  anthrax  after  the  immunity  test.  In  order  to 
ascertain  the  presence  of  any  such  substances,  susceptible  sheep  and 
goats  were  infected  with  virulent  material.  From  these  animals, 
blood  was  collected  shortly  before  death  when  numerous  bacilli  had 
appeared  in  the  peripheral  circulation.  Peritoneal  fluid  and  bile, 
as  well  as  certain  organs  for  the  preparation  of  extracts,  were  col- 
lected after  death.  Sterile  germ  free  filtrates  prepared  from  some 
of  the  diluted  blood,  peritoneal  fluid,  bile  and  organ  extracts,  were 
injected  into  small  animals  without  producing  any  toxic  effects.  The 
same  products  when  tested  out  on  sheep  and  goats  showed  practically 
no  immunizing  value  since  out  of  a foal  of  14  sheep,  12  died  from 
anthrax  after  the  immunity  test.  Instead  of'  filtering,  some  of  the 
blood  samples  mentioned  above  were  treated  with  (a)  high  dilutions 
of  neosalvarsan , (b)  with  anilin  gentian  violet  immediately  after 
the  blood  was  drawn.  (Previously  conducted  experiments  had  shown 
that  these  substances  had  a marked  bactericidal  effect  on  the  B. 
anthracis.)  Subcultures  prepared  from  this  blood  24-48  hours  after 
showed  it  to  be  sterile,  while  on  microscopic  examination  the  bacilli 
showed  marked  disintegration.  Guineapigs  and  mice  injected  with 
this  material  showed  no  ill  effect.  Sheep  and  goats  were  then 
injected  with  2 c.c.  and  5 c.c.  amounts  and  tested  with  virulent  spores 
three  to  four  weeks  afterwards.  As  all  the  animals  remained  alive, 
immunity  had  undoubtedly  been  produced  by  the  disintegrated 
blood.  After  five  months  standing,  this  blood  was  again  tested  on 
sheep  and  goats.  In  order  to  ascertain  the  thermostability  some  of 
the  blood  was  pasteurized  as  high  as  92°  C.  for  80  minutes.  The 
immunity  produced  was  in  no  way  inferior  to  that  noted  in  the 
previous  test.  Out  of  a total  of  20  sheep  and  goats  vaccinated  with 
the  disintegrated  anthrax  blood  18  withstood  an  immunity  test  rang- 
ing from  100  to  250  M.L.D.  Further,  this  immunizing  substance 
was  still  potent  after  a period  of  five  months  and  was  not  destroyed  by 
heating  to  92°  C.  for  -30  minutes.  These  results  were  directly  opposed 
to  those  obtained  with  the  filtered  blood  and  other  body  juices  where 
12  out  of  the  14  sheep  died  after  the  immunity  test.  The  only 
explanation  for  these  conflicting  results  would  seem  to  be  that  the 
immunizing  substance,  undoubtedly  present  in  the  blood,  was  not 
filterable,  i.e.  it  is  not  of  the  nature  of  a soluble  filterable  aggressin 
as  found  in  blackquarter,  but  that  it  is  closely  associated  with  the 
organisms  present  in  the  blood,  probably  either  in  the  bacterial  body 
itself  or  in  the  capsular  material  surrounding  it.  It  thus  seems 
probable  that  the  bacillary  debris  present  in  the  blood  contains  in 
itself  an  active  and  reliable  immunizing  agent.  As  mentioned  before, 
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thi  s could  not  he  established  for  artificially  cultivated  organisms 
which  when  disintegrated,  either  by  physical  or  chemical  means, 
or  even  killed  by  pasteurization,  did  not  exhibit  any  immunizing 
powers.  In  this  respect  the  anthrax  bacillus,  found  in  the  circulating 
blood,  when  compared  with  the  organism  cultivated  on  artificial 
media,  seems  to  possess  totally  different  qualities. 

It  should  be  mentioned  that  of  all  the  inert  non-living  anthrax 
products  obtained,  either  from  artificial  cultivation  or  from  the 
animal  body,  or  from  any  other  sources,  this  disintegrated  unfiltered 
blood  was  the  only  material  which  produced  a definite  and  reliable 
active  immunity.  The  fact  that  in  practice  more  or  less  all  the 
anthrax  vaccines  in  use  consist  of  the  attenuated  living  organisms 
shows  that  “ dead  ” or  sterile  vaccine  does  not  produce  the  same 
strong  immunity. 

The  oedema  fluid  collected  from  horses  showing  swellings  after 
vaccination  was  not  found  to  he  toxic  for  small  animals,  nor  did  it 
produce  swellings  in  other  horses.  Its  immunizing  value,  as  tested 
out  on  sheep  and  goats,  was  negligible. 

8.  Comparative  Safety  and  Immunity  Experiments  with  Anthrax 
Spore  Vaccine. — Under  this  heading  an  account  is  given  of  a number 
of'  different  experiments.  In  the  first  series  of  experiments  an 
attempt  was  made  to  ascertain  the  susceptibility  of  guineapigs  to 
different  routes  of  infection.  For  this  purpose  a fairly  weak  spore 
vaccine  was  used.  Except  where  cuti-vaccination  was  deliberately 
intended,  careful  precautions  were  taken  to  prevent  as  far  as 
possible,  contamination  of  the  skin  with  vaccine;  e.g.  on  sub- 
cutaneous or  intramuscular  injections  the  needle  wound  was 
immediately  disinfected  by  being  swabbed  out  with  a fine  pinect, 
the  points  of  which  were  rolled  in  cotton  wool  and  steeped  in  10  per 
cent,  tincture  of'  iodine.  By  this  procedure  it  was  found  that  these 
animals  readily  succumbed  from  anthrax  after  subcutaneous,  intra- 
peritoneal  and  intramsucular  injections,  while  with  intradermal  injec- 
tion death  was  uncertain.  By  oral  and  intratracheal  administration, 
none  of  the  animals  were  killed. 

In  order  to  ascertain  if  any  immunity  was  developed  by  different 
methods  of  inoculation,  a number  of  guineapigs  were  injected  with 
smaller  amounts  of'  the  same  vaccine  that  had  killed  before.  Most 
of  the  animals  survived,  and  after  two-three  weeks  the  immunity  was 
tested  by  injecting  small  amounts  of  a stronger  vaccine.  Those 
vaccinated  intraperitoneally,  subcutaneously,  intratraclieally  and 
orally  all  died  after  the  immunity  test,  showing  that  no  immunity 
had  been  developed.  It  seemed  fairly  definite,  however,  that  some 
vaccinated  deep  intramuscularly  had  developed  immunity  since  those 
not  killed  by  the  vaccine  all  withstood  the  immunity  test.  The  result 
of  the  intradermal  vaccination  was  doubtful  since  only  two  out  of  the 
five  withstood  the  immunity  test.  It  thus  seemed  clear  that  guinea- 
pigs  showed  well-marked  susceptibility  to  most  of  the  routes  of 
infection,  except  to  oral  and  intratracheal  administration,  while  in 
only  those  vaccinated  deep  intratracheal  was  tin*  development  of 
immunity  fairly  definite. 

Using  the  same  weak  vaccine  several  experiments  were  conducted 
on  sheep  for  the  purpose  of  comparing  the  degree  of  immunity 
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conferred  by  subcutaneous,  intramuscular,  and  intradermal  vaccina- 
tion respectively.  Contamination  of  the  skin  was  prevented,  except 
in  intradermal  vaccination.  After  two-three  weeks  the  immunity 
was  tested  with  virulent  spores  in  amounts  ranging-  from  250  to  3,000 
M.L.D.  Of  the  12  sheep  vaccinated  subcutaneously , seven  died  from 
anthrax  after  the  immunity  test.  Of  the  12  sheep  vaccinated  intra- 
dermally,  seven  died  from  anthrax  after  the  immunity  test,  while  of 
the  12  vaccinated  deep  intramuscularly,  only  one  died  after  the 
immunity  test.  These  results  were  obtained  from  the  three  separate 
experiments  which  were  carried  out.  It  thus  seems  definite  that 
where  a weak  spore  vaccine  is  used  the  immunity  established  by  intra- 
muscular inoculation  is  much  stronger  than  that  given  by  either 
subcutaneous  or  intradermal  vaccination.  Ao  difference  was  noted 
in  the  degree  of  immunity  developed  by  the  latter  two  methods. 

This  experiment,  was  repeated  on  goats,  using  the  same  weak 
vaccine.  The  results  confirmed  those  obtained  with  sheep.  Three 
out  of  the  five  goats  vaccinated  subcutaneously  died  after  the 
immunity  test,  while  all  five  vaccinated  intramuscularly  survived 
the  test.  In  a subsequent  experiment  where  a strong  cattle  vaccine 
was  used  on  goats,  five  out  of  ten  goats  died  from  vaccination,  while 
the  surviving  five  all  withstood  an  immunity  test  of  1,500  M.L.D. 
Of  ten  goats  vaccinated  deep  intramuscularly,  three  died  from  the 
result  of  vaccination,  while  the  surviving  seven  all  withstood  an 
immunity  test  of  1,500  M.L.D.  This  clearly  shows  the  susceptibility 
of  goats  to  a strong  vaccine.  As  all  the  goats  which  survived  the 
vaccination  also  survived  the  immunity  test,  it  would  appear  that 
where  a strong  vaccine  is  used  the  difference  in  the  degree  of  immunity 
following  (a)  subcutaneous  and  ( b ) intramuscular  vaccination,  is  not 
so  striking  as  when  a weak  vaccine  is  used.  The  immunity  may  even 
be  the  same  with  the  two  methods  where  the  strong  vaccine  is  used. 

A number  of  experiments  were  then  conducted  on  horses,  the 
main  object  being  to  ascertain  what  factors  were  responsible  for  the 
development  of  the  oedematous  swellings  so  frequently  noted  in  this 
species  after  vaccination.  Subcutaneous  injections  were  made  with 
sterile  broth  filtrate  in  which  anthrax  had  been  cultivated  for  long 
periods.  In  none  of  the  animals  were  swellings  noticed.  Oedema 
fluid,  collected  from  horses  showing  such  swellings,  when  injected  into 
other  horses  also  gave  negative  results.  Washed  vaccine  spores, 
treed  from  extraccellular  material,  produced  swellings  in  some  cases, 
while  in  others  no  swellings  were  noticed.  By  subcutaneous,  intra- 
muscular and  intradermal  vaccination,  using  a glvcerinized  spore 
emulsion,  swellings  were  obtained  in  some  cases  and  not  in  others. 

Further,  it  was  noticed  that  whereas  marked  swellings  followed 
vaccination  in  a troop  of  horses,  a retest  of  the  same  vaccine  on  a 
different  lot  of  horses  frequently  resulted  in  none  or  only  a few  of  the 
animals  showing  swellings.  Certain  experiments  which  were  con- 
ducted also  clearly  showed  that  while  a definitely  weak  vaccine  may 
cause  swellings  in  horses,  a much  stronger  vaccine,  as  e.g.,  used  for 
cattle  and  sheep,  may  be  completely  safe  for  horses,  i.e.  no  swellings 
are  developed.  Thus  the  strength  of  the  vaccine  itself  cannot  be  con- 
sidered as  the  sole  factor  determining  the  development  of  swellings; 
neither  could  the  method  of  vaccination  be  the  cause,  since  swellings 
were  noted  in  practically  equal  proportions  following  different  methods 
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ot  vaccination.  Since  anthrax  broth  filtrates,  as  well  as  oedema  fluid 
from  other  horses,  did  not  cause  swellings,  it  would  seem  that  extracel- 
lular toxins  cannot  be  incriminated  as  being  the  cause. 

1 he  possibility  of  idiosyncrasy  of'  animals,  combined  perhaps 
wifli  certain  environmental  conditions,  may  account  for  these 
inconsistent  results. 


6.  CONCLUSIONS. 

b rom  experiments  carried  out  the  following  conclusions  would 
appear  to  be  justified:  — 

1.  The  small  laboratory  animals,  although  markedly  susceptible 
to  anthrax,  are  difficult  to  immunize,  hence  their  unreliability  in  a 
study  on  anthrax  immunity.  Horses  and  cattle  on  the  other  hand, 
although  susceptible  to  natural  infection  with  anthrax,  are  difficult 
to  kill  by  artificial  infection.  The  merino  sheep,  which  shows  a 
practically  uniform  susceptibility  to  artifical  infection,  combined 
with  the  quality  of  developing  an  active  immunity  after  vaccination, 
seems  to  be  an  ideal  species  for  immunity  work  on  anthrax. 

2.  Attenuation  of  different  anthrax  strains,  according  to  the 
Pasteur  method,  shows  that  some  strains  take  much  longer  to  become 
attenuated  than  others,  while  even  in  the  same  strain  there  is  unequal 
attenuation  of  the  organisms,  some  showing  marked  virulence’  even 
after  80  days’  incubation  at  42°  C.  Thus  there  appears  to  be  a marked 
individuality  of  .strains  and  even  of  single  organisms  in  the  same 
strain . 

3.  Cultivation  of  B.  anthracis  in  various  uncommon  liquid  media 
does  not  hasten  attenuation.  Similarly  repeated  alternate  freezing 
and  thawing  of  anthrax  cultures  fails  to  cause  any  decrease  in  viru- 
lence. 

4.  By  physical  or  chemical  disintegration  of  artificially  culti- 
vated anthrax  organisms  the  sterile  cell  substance  is  found  to  be  free 
from  both  toxic  and  immunizing  properties. 

5.  Anthrax  spores,  as  well  as  the  vegetative  forms,  when  washed 
free  from  all  extracellular  material  are  by  themselves  capable  of 
either  causing  a fatal  infection  or  of  producing  an  active  immunity. 

(j.  Prolonged  cultivation  of  both  virulent  and  vaccine  anthrax 
strains  in  different  uncommon  liquid  media,  followed  by  subsequent 
filtration,  fails  to  reveal  either  toxic  or  immunizing  properties  in  the 
filtrate. 

7.  Blood  drawn  at  the  time  of  death  from  animals  infected  with 
virulent  anthrax,  and  sterilized  by  chemical  means,  is  seen  to  possess 
well-marked  immunizing  properties.  This  quality  is  maintained 
in  blood  kept  for  five  months  and  resists  heating  at  92°  for  30 
minutes.  Such  blood  produces  an  active  immunity.  Filtrate 
obtained  from  freshly  drawn  anthrax  blood  fails  to  reveal  any  such 
immunizing  powers.  Thus  the  unfilterable  bacillary  debits  itself 
seems  to  be  the  immunizing  substance  in  the1  blood.  Tim  debris 
oht  aimed  by  disintegrating  artificially  cultivated  organisms  dies  not 
show  the  same  antigenic  properties. 
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8.  By  utilizing  anthrax  spore  vaccine  on  guineapigs,  lethal 
infections  can  he  produced  by  subcutaneous,  intraperitoneal  or  intra- 
muscular injections,  while  the  results  of  intradermal  application  are 
uncertain.  With  oral  or  intratracheal  administration  these  animals 
are  not  easily  killed. 

9.  The  nature  and  degree  of  immunity  developed  in  sheep  fol- 
lowing intradernial  vaccination  with  anthrax  spore  vaccine  is  no 
stronger  nor  more  permanent  than  that  following  subcutaneous 
inoculation.  Following  the  use  of  fairly  weak  anthrax  spore  vaccine, 
the  immunity  established  by  intramuscular  vaccination  seems  to  be 
definitely  superior  to  that  produced  by  either  subcutaneous  or  intra- 
derma! injections.  With  a strong  vaccine  these  differences  are  less 
marked . 

10.  In  horses  the  strength  of  the  vaccine  cannot  be  considered 
as  the  sole  factor  determining  the  development  of  swellings,  since 
weak  vaccines  may  provoke  swelling,  wheieas  stionger  ones  may  fail 
to  do  so.  Further,  the  method  of  vaccination  cannot  he  the  responsi- 
ble cause,  since  approximately  the  same  percentage  of  animals  show 
swellings  after  intradernial,  subcutaneous  or  intramuscular 
vaccination . 

Lastly,  anthrax  broth  filtrates  as  well  as  oedema  fluid  from  other 
horses  showing  anthrax  swelling  do  not  provoke  swellings  in  suscep- 
tible horses,  and  hence  extracellular  toxins  cannot  be  incriminated 
as  being  the  cause. 
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The  Relation  of  the  Virulence  of  Attenuated 
Anthrax  Strains  to  their  Immunizing  Value. 


By  J.  (t.  BEKKER,  B.Y.Sc.,  Veterinary  Research  Officer, 
Onderstepoort. 


One  of  the  first  essentials  for  the  production  of  good  Anthrax  spore 
vaccine  is  a suitable  strain.  By  a good  vaccine  is  understood  one 
that  can  be  used  with  comparative  safety  in  a particular  species  of 
animal,  and  which  at  the  same  time  provokes  a high  degree  of 
immunity. 

Data  have  here  been  collected  from  the  virulence  and  immuniz- 
ing tests  to  which  various  strains  of  attenuated  anthrax  have  been 
subjected  in  the  Anthrax  Department  of  the  Veterinary  Research 
Laboratories  at  Onderstepoort.  Before  a strain  is  selected  for  vaccine 
purposes  a small  test  batch  is  prepared  from  it,  and  if  the  test  batch 
proves  successful  a large  routine  batch  is  then  made.  After  a very 
thorough  test,  this  vaccine  is  issued  for  use  in  the  field. 

Viljoen,  C'urson,  and  Fourie  in  their  report,  “ Anthrax  in  South 
Africa.”  13th  and  14 th  Report  of  the  Director  of  1 eterinary  Educa- 
tion and  Research , describe  in  full  detail  the  methods  employed  in 
the  production  of  this  spore  vaccine,  and  it  is  unnecessary  to  describe 
them  again.  The  same  methods  were  employed  throughout  in  the 
course  of  the  production  of  the  various  trial  batches  found  in  this 
report. 

It  will  become  apparent  from  the  data  offered  here  that  when 
anthrax  spore  vaccine  is  made,  two  distinct  biological  characteristics 
must  be  recognized,  viz.  : — 

(1)  The  virulence  of  the  strain  of  attenuated  organism  used, 
and 

(2)  The  quality  which  the  organism  has  of  stimulating  the 
production  of  immune  bodies  in  an  animal.  This  pro- 
perty is  generally  described  as  the  immunizing  value. 

In  textbooks  where  the  production  of  anthrax  vaccine  is  described, 
it  appears  a very  simple  matter.  Generally  the  importance  of  the 
immunizing  value  of  a particular  strain  is  not  even  mentioned,  and 
the  impression  is  obtained  that  if  any  strain  of  anthrax  is  sufficiently 
attenuated  it  will  suffice  for  vaccine  purposes. 

A considerable  variation  in  the  immunizing  value  in  different 
strains  has,  however,  been  noted  in  the  course  of  work  on  anthrax  in 
this  Laboratory.  Some  of  the  strains  were  collected  from  field 
specimens  submitted  from  various  parts  of  South  Africa.  They  were 
suitably  attenuated  according  to  Ihe  method  described  by  Viljoen, 
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Curson,  and  Fourie.  Other  strains  were  collected  from  imported 
vaccines,  and  test  batches  prepared  from  them. 

The  same  technique  was  used  for  preparing  the  various  batches 
included  in  this  report,  and  it  will  be  observed  that  more  or  less 
the  same  amount  of  vaccine  was  administered  to  the  test  animals. 
For  the  virulent  test  the  same  virulent  material  was  used  throughout. 
The  dose  of  vaccine  cannot,  of  course,  be  absolutely  controlled. 
A more  or  less  constant  amount  of  normal  saline  was  used  for  washing 
oft'  the  spores  in  the  Fernbach  flasks;  but  normal  errors  of  calculation, 
etc.,  are  liable  to  occur.  For  this  reason  the  doses  of  vaccine  adminis- 
tered are  not  absolutely  identical,  although  that  does  not  greatly 
affect  the  ultimate  results  obtained. 

The  results  of  the  following  test  batches  are  included: — - 

BATCH  1. 

Prepared  : 15.6.25. 

Strain:  Winburg,  O.F.S. 

Attenuation  : For  60  days  at  42.5°  C. 

Sporulation  : Very  good. 


Small  Animal  Safety  rest:  Animals  injected  24.6.25. 


Animal. 

Amount  of  Vaccine. 

Result. 

1 Rabbit 

01  o.o 

Lived. 

0-1  

001  

t 2/7/25. 

t 29/7/25. 

1 Guinea-pis 

0-001  

La  rye  Animal  Safety  and  Immunizing  Test. 


Animal  No. 

Amount  of 
Vaccine. 
Date  18/8/25. 

Result. 

Virus. 

Date  8/9/25. 

Result. 

Sheep  10457 

0 02  c.c 

Lived 

500  M.L.D.  H.5.. . 

fAnthrax.  12/9/25 

11071 

0-02  

500  

f ,.  14/9/25 

9125 

0-0]  



500  

Lived. 

10552 

0-01  

f Anthrax.  27/8/25 

Goat  1187(i 

0-02  

Lived 

250  

fAnthrax.  1 1 /9/25 

11872 

0-01  ...  ... 

fAnthrax,  2/9/25 

BATCH  II. 

Prepared  : 9.6.25. 

Strain  : Hoopstad,  O.F.S. 
Attenuation  : 60  days  at  42.5°  C. 
Sporulation  : Good. 
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Small  Animal  Safety  Test:  Animals 

injected  24.G.25 

Animal. 

Amount  of  Vaccine. 

Result. 

0-1  

f Anthrax,  26/6/25. 
t „ 26/6/25. 

t „ 27/6/25. 

1 Guinea-pig 

1 Guinea-pig 

0-01  

0-001  

Large  Animal  Safety  and  Immunity  'Test. 


Animal  No. 

Amount  of 
Vaccine. 
Date  6/7/25. 

Result. 

Virus. 

Date  27/7/25. 

Result. 

Sheep  8444 

0 02  c.c.  .. 

Lived 

500M.L.D.  B.5  .. 

t Anthrax, 

29/7/25 

11115 

002  „ .. 

500 

t 

30  7/25 

10252 

0-01  ..  .. 

500 

Lived. 

11343 

0-01  ..  .. 

t Anthrax,  23/7/25 

Goat  1 1 844 

002  „ .. 

Lived 

250 

t Anthrax, 

30/7/25 

1 1867 

0-01  „ .. 



250 

t „ 

29/7/25 

BATCH  III. 

Prepared:  12.11.25. 

Strain:  Bosliof,  O.F.S. 
Attenuation  : (SO  days  at  42.5°  C. 
Speculation  : Very  good. 


Small  Animal  Safety  Test : Animals  injected  20.11.25. 


Animal. 

Amount  of  Vaccine. 

Result. 

01  c.c 

Lived. 

t Anthrax,  25/11/25. 
f „ 2.3/11/25. 

Lived. 

01  

1 

001  

| 

0-001  

Large  Animal  Safely  and  1 immunity  lest. 


Animal  No. 

Amount  of 
Vaccine. 
Date  2/12/25. 

Result. 

Virus. 

Date  18/12/25. 

Result. 

Sheep  9005 
8865 
Goat  14031 
14024 

0-02  c.c 

0-01  

500  M.L.D.  B.5. . . 

500 

250 

250 

Lived. 

0-02  

0-01  
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BATCH  IV. 

Prepared  : 22.12.27. 

Strain:  No.  42.  (Prom  imported  cattle  vaccine.) 

1st  of  double  vaccine. 

Sporulation  : Excellent. 


Small  Animal  Safety  Test:  Animals  injected  4.1.28. 

Animal. 

Amount  of  Vaccine. 

Result. 

01  c.c 

Lived. 

f Anthrax,  7/1/28. 
t ..  10/1/28 

t „ 9/1/28 

0-1  

1 

0-01  

1 

0-001  

Jjdrge  Animal  Safety  and  Immunity  Test. 


Animal  No. 

Amount  of 
Vaccine. 
Date  24/1/28. 

Result. 

Virus. 

Date  13/2/28. 

Result. 

Sheep  17124 

0-02  c.c 

Lived 

1,000  M.L.D.  B.5. 

Lived. 

17742 

0-01  

1,000 

,, 

17022 

0-01  

1,000 

Goat  18602 

0-02  

500 

,, 

18611 

0 01  „ .... 

500 

” 

BATCH  V. 

Prepared  : 22.12.27 

Strain:  No.  48.  (Isolated  from  imported  cattle  vaccine.) 

2nd  of  double  vaccine. 

Sporulation  : Excellent. 


Small  Animal  Safety  Test:  Animals  injected  4.1.28. 


Animal. 

Amount  of  Vaccine. 

Result. 

1 Rabbit 

0-1  c.c 

o-l  

Lived, 
t Anthrax, 
+ 

6/1/28. 

7/1/28 

13/1/28. 

1 

001  

1 " 

0001  „ 

t 
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har()e  Aai  wal  Safety  and  I min  unity  Test. 


Animal  No. 

Vaccine. 
Date  24/1/28. 

Result. 

V irus. 

Date  13/2/28. 

Result. 

Sheep  10541 

0 02  c.e 

Lived 

1,000  M.L.D.  B.5. 

tAnthrax,  22/7/28 

17481 

0-01  „ .... 

-(Anthrax,  2/2/28 

1 1(527 

001  

Lived 

1,000 

Lived. 

Goat  18(530 

0 02  „ .... 



500 

„ 

1 8(534 

0-01  „.... 

” 

500 

” 

BATCH  VI. 

Prepared  : 22.12.27 

Strain  : No.  44.  (From  imported  cattle  vaccine.  Single.) 
Sporulation  : Very  good. 

Small  Animal  Safety  Pest  : Animals  injected  4.1.2S. 


Animal. 

Amount  of  Vaccine. 

Result. 

1 Rabbit 

Ol  c.c 

Lived. 

1 Guinea-pig 

1 

0-1 

0-01  

f Anthrax,  7/1/28. 

t „ 8/1/28. 

t „ 9/1/28. 

] 

0 001  

Large  Animal  Safety  and  Immunity  Test. 


Animal  No. 

Amount  of 
Vaccine. 
Date  24/1/28. 

Result. 

Virus. 

Date  13/2/28. 

Result. 

Sheep  1(5(522 

0 02  c.c 

Lived 

1,000  M.L.D.  B.5. 

Lived. 

11(525 

0-01  

,,  

1,000 

1 7553 

0-01  

1,000 

Goat  1 8(53 1 

0 02  

„ 

500 

1 8(524 

0.01  „ .... 

f Anthrax,  1/2/28 

BATCH  VII. 

Prepared:  22.12.27. 

Strain:  No.  45.  (From  imported  cattle  vaccine.  Single.) 
Sporulation:  Good. 
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Small  Ammal  Safety  Test : Animals  injected  4.1.28. 


Animal. 

Amount  of  Vaccine. 

Result. 

1 Rabbit 

0-1  c.c 

01  

Lived. 

t Anthrax,  8/1/25. 
t „ 10/1/25. 

fLived. 

1 ..  ..  

001  

1 

0-001  

Large  Animal  Safety  and  Immunity  Test. 


Animal  No. 

Amount  of 
Vaccine. 
Date  24/1/28. 

Result. 

Virus. 

Date  13/2/28. 

Result. 

Sheep  1)123 
17670 
17529 
Goat  18613 
18380 

0-02  c.c 

0 01  „ .... 

0 01  

0 02  .,  .... 
0 01  „ .... 

Lived 

1,000  M.L.D.  B.5. 
1,000 
1,000 
500 
500 

f Anthrax,  17/2/28 
t „ 17/2/28 

t .,  16/2/28 

t „ 17/2/28 

Lived. 

BATCH  VIII. 

Prepared:  22.12.27. 

Strain:  Xo.  48.  (From  imported  cattle  vaccine.  Single.) 
Sporulation  : Very  good. 


Small  Animal  Safety  Test : Animals  injected  4.1.28. 


Animal. 

Amount  of  Vaccine. 

Result. 

1 Rabbit 

0-1  c.c 

0-1  

Lived. 

t Anthrax,  8/1/28. 
t „ 8/1/28. 

f „ 9/1/28. 

] 

0-01  

1 

0-001  

Large  Animal  Safety  and  Immunity  'Test. 


Animal  No. 

Amount  of 
Vaccine. 
Date  24/1/28. 

Result. 

Virus. 

Date. 

Result. 

Sheep  17681 

0-02  c.c 

Lived 

1,000  M.L.D.  B.5 

Lived. 

17686 

0 01  

1,000 

,, 

13708 

0-01  

1.000 

,, 

Goat  18593 

0-02  

,,  

500 

,, 

18599 

0-01  „ .... 

” 

500 

” 
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BATCH  IX. 

Prepared:  11.11.27. 

Strain  : llusteiiburg. 

Attenuation  : 60  days  at  42.5°  C. 
Sporulation : Excellent. 


Small  Animal  Safety  Test:  Animals  injected  18.11.27. 


Animal. 

Amount  of  Vaccine. 

Result. 

1 Rabbit 

0-1  c.c 

01 

Lived. 

t Anthrax,  25/11/27. 
t „ 26/11/27. 

t „ 26/11/27. 

1 

0 01  

1 

0 001  

Jjanje  Animal  Safety  and  Immunity  Test. 


Animal  No. 

Amount  of 
Vaccine. 
Date  5/12/27. 

Result. 

Virus. 

Date. 

Result. 

Sheep  17399 

0-02  c.c 

Lived 

1,000  M.L.D.  B.5. 

f Anthrax,  1/1/28 

17283 

0 02  

| Anthrax,  9/12/27 

1 7524 

0-01  

1 .ived 

1,000 

Lived. 

17719 

0-01  

„ 

1,000 

f Anthrax,  2/1/28 

Goat  18641 

0 02  

f Anthrax,  9/12/27 

18605 

0-1 

Lived 

500 

Lived. 

BATCH  X. 

Prepared  : 22.12.27 

Strain:  No.  49.  (From  imported  cattle  vaccine.  Single.) 
Sporulation  : Not  good. 

Small  Animal  Safety  Test:  Animals  injected  4.1.28. 


Animal. 

Amount  of  Vaccine. 

Result. 

01  C.C 

01  

] , 

001  

Lived. 

J ” 

0001  „ 
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Large  Animal  Safetg  and  Immunity  Tent. 


Animal  No. 

Amount  of 
Vaccine. 
Date. 

Result. 

Virus. 

Date  13/2/28. 

Result. 

Sheep  17477 

0 02  c.c 

Lived 

1,000  M.L.D.  B.5. 

("Anthrax,  16/2/28 

17141 

0-01  



1,000 

Lived. 

17722 

0-01  

,,  

1,000 

(Anthrax,  16/2/28 

Goat  18615 

0-02  

500 

Lived. 

18(514 

0-01  „ .... 



500 

(Anthrax,  17/2/28 

It  will  be  seen  t hat  Batches  I and  II  prepared  from  two  different 
strains  and  attenuated  for  60  days  at  42.5°  C.  had  practically  the 
same  virulence.  In  each  case  all  the  guinea-pigs  were  killed.  In 
Batch  I,  Sheep  10552  and  Goat  11872  were  also  killed  by  the  vaccine. 
Batch  II  killed  Sheep  11843.  Batch  III,  on  the  other  hand,  was 
prepared  from  a strain  that  was  attenuated  in  the  same  way  for 
80  days.  As  can  be  seen  in  the  subsequent  tests,  its  virulence  was 
certainly  less,  as  only  two  guinea-pigs  were  killed  and  none  of  the 
larger  animals.  The  immunity  conferred  by  Batches  I and  II  was 
very  - unsatisfactory,  while  Batch  III  immunized  well.  The  immuniz- 
ing value  of  these  particular  strains  does,  therefore,  not  seem  to 
depend  upon  their  virulence. 

By  studying  the  results  obtained  in  Batches  IV,  V,  VI,  VII, 
VIII,  IX  , and  X the  same  conclusion  can  be  drawn.  These  batches 
were  prepared  from  the  various  strains  as  indicated.  Six  out  of  the 
seven  were  made  from  strains  isolated  from  imported  vaccines. 
Batch  No.  IX  was  perpared  from  a locally  obtained  strain.  They  are 
grouped  together,  as  the  virulence  test  in  each  case  is  the  same.  The 
source  of  the  vaccine  from  which  the  strains  were  isolated  is  not 
mentioned,  for  obvious  reasons.  These  strains  (Nos.  42,  43,  44,  45, 
48,  and  49)  were  all  prescribed  for  use  in  sheep  and  cattle. 

The  results  obtained  from  these  batches  may  be  summarized  as 
f ollows  : — 


Batch  No. 

The  Virulence  as  indicated  by  the 
Animal  Killed. 

The  Immunity  conferred.  (The 

Result  of  Virulent  Test.) 

IV 

All  guinea-pigs  killed 

Good  : All  animals  lived. 

V 

All  guinea-pigs  killed 

Sheep  (17481)  killed. 

Fair : All  animals,  except  sheep 
16541,  lived. 

VI 

All  guinea-pigs  killed 

1 Goat  (18624)  killed 

Good  : All  animals  lived. 

vn 

2 out  of  3 guinea-pigs  killed 

Very  Bad : 3 sheep  (9123,  17670, 
17529);  1 goat  (18613)  died. 

VIII 

All  guinea-pigs  killed 

Very  Good  : All  animals  lived. 

IX 

All  guinea-pigs,  1 sheep  (17283),  and 
1 goat  ( 18641)  killed 

Bad  : Two  sheep  (17399,  17719) 

died. 

x 

1 out  of  3 guinea-pigs  killed 

1 goat  ( 18624)  killed 

Bad  : Two  sheep  (17477,  17722); 
one  goat  (18614)  died. 
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Batch  IV  prepared  from  the  1st  of  a double  vaccine  proved  to  be 
better  in  its  immunizing  value  than  Batch  V prepared  from  2nd 
of  double. 

Batch  IX  was  the  most  virulent,  yet  it  conferred  the  least  degree 
of  immunity. 

Batch  VII,  although  not  so  virulent,  was  equally  useless  for 
immunizing. 

Batch  X should  really  not  be  included  here  as  its  virulence  is 
decidedly  weaker  than  that  of  the  other  batches.  It  is  mentioned, 
however,  to  show  that  this  strain,  isolated  from  a vaccine  which  was 
issued  for  use  in  cattle  and  sheep,  is,  comparatively  speaking,  use- 
less. 

In  all  these  batches  accurate  note  was  made  of  the  degree  of 
sporulation.  Only  in  Batch  X could  the  sporulation  be  described  as 
weak.  The  sporulation  ranged  from  good  to  excellent  in  other  batches. 
It  does  not  seem  as  if  the  actual  degree  of  spore  formation  in  these 
particular  tests  has  any  demonstrable  effect  on  the  immunizing 
qualities.  The  spore  formation  is,  however,  of  great  importance 
when  considering  the  keeping  qualities  of  a vaccine. 

With  the  present  extent  of  our  knowledge  it  is  impossible  to  state 
the  reason  why  anthrax  strains,  when  attenuated,  should  vary  in 
their  immunizing  qualities.  When  a better  explanation  of  the  nature 
of  immunity  in  anthrax  is  forthcoming,  it  might  be  possible  to  explain 
this  phenomenon. 

It  has  been  claimed  by  some  workers  that  immunizing  bodies 
are  present  in  the  tissues  and  fluids  of  animals  which  have  succumbed 
to  the  disease.  The  immunity  produced  by  these  bodies  does  not  seem 
to  be  great,  in  any  case  not  as  strong  and  lasting  as  that  produced 
by  the  living  organism  (spores  or  bacilli),  even  in  its  much  attenuated 
form. 

When  the  mechanism  of  anthrax  immunity  becomes  evident,  the 
variation  in  the  immunizing  value  of  anthrax  strains  will  probably 
be  explained.  Some  strains  may  have  an  inherent  quality  of  pro- 
ducing a greater  amount  of  the  substance  which  stimulates  the 
animal  cell  to  produce  immune  bodies. 

South  African  prepared  vaccine  has  given  very  good  results. 
It  is  used  extensively.  The  good  results  obtained  with  this  vaccine 
can  no  doubt  be  partly  put  down  to  the  very  careful  selection  of 
strains  of  attenuated  anthrax  bacilli  used  in  producing'  these  vaccines. 

Conclusions. 

1.  The  immunizing  value  of  an  anthrax  strain  does  not  depend 
entirely  upon  the  degree  of  attenuation  to  which  it  has  been  subjected. 

2.  A marked  variation  in  immunizing  value  exists  in  different 
strains, 
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Immunization  against  Anaerobes  of  the  Gas- 
Gangrene  Type  in  South  Africa  by  means 
of  “ Anatoxins.” 


By  W.  .T.  B.  (j-REEX,  B.V.Sc.,  Veterinary  Research  Officer, 
Onderstepoort. 


INTRODUCTION. 

The  treatment  of  certain  bacterial  antigens  or  toxins  with  formalde- 
hyde renders  them  inert,  without,  however,  affecting  their  antigenic 
powers.  To  these  modified  toxins  which  have  lost  their  toxicity,  but 
retained  their  immunizing  power,  the  term  “ anatoxins  ” was  first 
applied  by  Ramon.  Ramon,  however,  was  not  the  first  to  notice  this 
peculiar  and  remarkable  action  of  formalin,  as,  from  a study  of  the 
literature,  it  appears  that  as  early  as  1904  diphtheria  toxin  modified 
by  formalin  was  used  by  Grlenny  and  Hopkins  in  the  immunization  of 
horses  for  antitoxin  on  a large  scale. 

As  an  example  of  the  action  of  formalin  on  toxin,  the  work  of 
Ldwenstein,  1909,  on  Tetanus  may  be  quoted.  He  described  a tetanus 
toxin  the  M.L.I).  of  which  was  1 : 10,000  for  mice.  This  toxin  after 
being  treated  with  formol  and  left  standing  at  room  tempeiature  for 
a long  period,  lost  its  toxicity  for  the  greater  part,  as  5 c.e.  could  be 
injected  subcutaneously  into  mice  without  harm.  This  modified 
toxin,  “ toxoid  ” or  “ atoxic  toxin  ” as  he  called  it,  however, 
retained  its  immunizing  property,  as  mice  inoculated  with  •>  c.e.  of 
this  “ atoxic  toxin  ” were  able  to  withstand  50,000  M.L.I).  s or 
fresh  tetanus  toxin. 

Costa,  Boyer,  and  I’lacidi  successfully  immunized  rabbits 
against  the  bacillus  of  swine  erysipelas  by  means  of  broth  cultures 
killed  with  formaldehyde.  According  to  them  the  method  was  used  as 
early  as  1920  by  Costa. 

The  invaluable  work  of  (x.  Ramon  from  1922  onwards  on  the 
diphtheria  anatoxin  opened  up  a new  field  for  experimental 
research.  He  found  that  if  .3  to  .4  per  cent,  formol  was  added  b> 
the  toxin  and  kept  at  40°  C.,  a very  active  toxin  was  detoxicated  after 
one  month,  and  10  c.e.  of  the  anatoxin  could  be  injected  into  a 
guinea-pig  without  any  harmful  result,  whereas  1/800  c.e.  of  tin* 
unmodified  toxin  killed  a guinea-pig.  I c.e.  of  this  anatoxin, 
injected  subcutaneously,  was  sufficient  to  immunize  against  several 
M.L.D.’s  18  days  later  and  against  50  to  100  M.L.R.’s  after  one 
month.  Two  injections  of  anatoxin  at  three  weeks’  interval  protected 
10  days  after  the  second  injection  against  1,000  and  more  M.L.I).  s. 
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If  injected  into  young  horses,  1 c.c.  or  more  of  the  anatoxin  produced 
from  30  to  100  antitoxic  units  in  the  serum  8 to  10  days  later. 
Following  on  these  experiments,  he  showed  that  an  active  immunity 
could  he  established  in  man  with  the  use  of  anatoxin,  and  determined 
an  easy  and  practical  method  of  inoculation.  By  means  of  the 
Floculation  reaction  which  he  describes,  he  was  able  to  determine 
quickly  and  accurately  the  antigenic  power  of  any  particular 
anatoxin  “ in  vitro.”  He  further  established  the  fact  that,  besides 
bacterial  toxins,  other  more  or  less  similar  poisons,  e.g.  vegetable 
poisons  like  abrin  and  snake  poisons  like  cobra  venom,  could  be 
changed  by  the  use  of  formalin  into  harmless  substances  which  keep 
their  antigenic  properties. 

Descombey,  1924,  showed  that  everything  that  had  been 
established  in  connection  with  diphtheria  anatoxin  applied  to  tetanus 
anatoxin  as  well,  and  that  it  had  marked  immunizing  powers. 

Durand,  1925,  carried  out  experiments  on  the  detoxication  of  the 
Shiga  dysentery  bacillus  with  formaldehyde  and  reported  good  results 
from  its  use.  He  was  also  able  to  detoxicate  the  gonococcus,  and 
reported  good  results  from  its  use  in  gonorrheal  ophthalmia. 

It  was  only  comparatively  recently  that  the  action  of  formaldehyde 
was  applied  to  the  anaerobes  of'  the  gasgangrene  group.  Weinberg 
and  Prevot,  1924,  have  shown  that  these  toxins  can  be  converted  into 
anatoxins,  and  Weinberg  and  (ioy  (1924  and  1925)  described  tlie 
preparation  of  botulinus  anatoxin.  For  the  preparation  of  these 
anatoxins  they  describe  the  addition  of  varying  quantities  of  40  per 
cent,  formaldehyde  as  follows:  For  B.  perfringem,  . li  to  .2  per 

cent.  ; for  V.  septique , .2  to  .3  per  cent.  ; for  B . oedematiens,  B. 
histolyticus,  and  B.  sporo penes,  .2  to  .4  per  cent;  for  botulinus 
anatoxin,  2 per  cent.  After  tlie  addition  of  the  formaldehyde,  they 
are  incubated  at  37°  C.,  and  by  withdrawing  small  quantities  at 
varying  periods  the  toxicity  can  be  tested  by  injecting  guinea-pigs. 
The  period  can  thus  be  ascertained  when  the  toxin  passes  over  to 
anatoxin.  Weinberg,  Prevot,  and  (ioy  applied  the  Floculation  test 
of  Ramon  to  the  members  of  the  gas-gangrene  group,  and  obtained 
indifferent  results,  excepting  when  centrifugalized  toxin  was  used, 
which  contains  a number  of  microbes  in  suspension.  As  in  the  case 
of  diphtheria,  they  found  that  two  injections  of  anatoxin  are  usually 
necessary  to  provide  immunity.  For  the  production  of  antiserum  in 
horses  Weinberg  and  Prevot  used  whole  cultures  sterilized  by  the 
addition  of  formol,  the  toxin  thus  not  being  separated  by  centri- 
fugalization  from  the  bacilli.  For  this  formalinized  culture,  ” the 
anatoxin  totale  of  Ramon,”  they  used  the  term  “ ana  culture,” 
which,  they  explain,  is  not  grammatically  correct,  but  is  simple  and 
explains  the  term  without  confusion. 

Leelainche  and  Yallee,  1925,  reported  that  young  cultures  of  B. 
chauvoei  and  I . septique  were  sterilized  by  the  addition  of  .2  to  .4 
per  cent,  formol  and  that  the  cultures  were  of  greater  vaule  in 
immunization  than  filtrates.  They  were  the  first  to  use  formaldehyde 
as  a method  in  obtaining  a sterile  black-quarter  vaccine. 

Subsequently  Basset,  1925,  Cordier,  1926,  and  McEwen  used 
formaldehyde  in  the  preparation  of  black-quarter  and  Vibrion 
septique  vaccines. 
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The  primary  aim  of  this  paper  is  to  show  the  use  of  formalinized 
anaerobic  antigens  in  immunization  against  those  anarobes  of  the 
gas-gangrene  type  which  play  a role  in  South  Africa.  A second 
chapter  has  been  devoted  to  experiments  in  connection  with  the 
pathogenesis  of  black-quarter. 


PART  I. 

I. — Immunization  against  anaerobes  of  the  gas-gangrene  type  which 
occur  in  South  Africa  by  means  of  formalinized  antigens. 

BLACK-QUARTER. 

Black-quarter  is  prevalent  in  all  parts  of  South  Africa  and 
heavy  losses  occur  annually  unless  preventive  inoculation  is  carried 
out  regularly.  Up  to  the  present  vaccination  has  been  carried  out 
with  black-quarter  filtrate  or  the  so-called  artificial  aggressin 
prepared  according  to  the  method  of  Nitta  and  improved  later  in 
South  Africa  by  Sheppard,  Viljoen,  and  Scheuber.  This  improved 
filtrate  (see  Reports  No.  11  and  12  of  the  Director  of  Veterinary 
Education  and  Research)  proved  to  he  remarkably  efficient  in  both 
laboratory  and  field  tests,  although  the  method  of  preparation  is 
rather  a lengthy  and  involved  process.  The  method  employed  in 
obtaining  a sterile  black-quarter  vaccine  by  the  use  of  formaldehyde 
is  simple,  short,  and  highly  efficient.  For  use  on  a large  scale,  large 
quantities  can  be  prepared  within  a short  period. 

Method  oe  Preparation  of  Black-quarter  Formalinized  Vaccine. 

Preparation  of  Media. — The  preparation  of  the  media  is  the 
same,  with  the  exception  of  a few  alterations,  as  that  for  the  filtrate, 
fully  described  in  the  11th  and  12th  Reports  of  the  Director  of 
Veterinary  Education  and  Research,  Part  I,  page  499. 

Large  flasks  of  10  to  25  litres  capacity  are  employed.  The 
constituents  of  the  media  are  in  proportion  to  the  amount  required, 
as  follows  : — 

Distilled  water,  1,000  c.c. 

Minced  liver  (ox),  500  gm. 

Sodium  phosphate,  .2  per  cent. 

Peptone,  1 per  cent. 

Sodium  chloride,  .3  per  cent. 

The  flasks  containing  the  media  are  sterilized  in  an  autoclave 
at  110°  to  115°  C.  for  an  hour  on  each  of  three  successive  days,  and 
the  Ph  adjusted  to  8.4  after  sterilization.  1 per  cent,  (flueose  is  then 
added  to  each  flask.  The  glucose  in  watery  solution  must  be  sterilized 
separately  in  the  autoclave  at  1 10°  (’.  for  half  tin  hour  on  each  of 
two  successive  days. 

Inoculation. — The  flasks  are  inoculated  with  Pasteur  pipettes 
of  5-10  c.c.  capacity,  the  seed  material  being  obtained  from  24-48 
hour  cultures  grown  in  1 . hi  bier  brain  medium. 

Incubation  and  Growth .. — The  flasks  arc  placed  in  a large 
incubator  at  37°  C.  to  40°  C.  Within  24  hours  a rapid  growth  with 
profuse  gas  formation  is  noted,  and  the  flasks  are  allowed  to  remain 
in  the  incubator  until  all  gas  formation  has  subsided;  this  usually 
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occurs  in  two  to  three  days.  The  flasks  are  removed  from  the 
incubator,  vigorously  shaken  up,  and  then  left  to  stand  for  half  an 
hour,  which  allows  the  large  liver  particles  to  settle  to  the  bottom 
of  fhe  flask.  The  supernatent  liquid  containing  the  bacteria  is 
siphoned  off  into  large  40-litre  flasks  by  means  of  a glass  and  rubber 
siphon  and  .4  per  cenf.  formaldehyde  of  a 40  per  cent,  solution  added. 
The  flasks  are  placed  in  the  incubator  at  37°  to  40°  C.,  and  after 
seven  days  the  vaccine  is  ready  for  use.  No  incubation  is  really 
necessary,  as  the  vaccine  prepared  in  this  way  is  sterile  within  48 
hours,  because  the  formaldehyde  kills  the  bacilli  and  spores  within 
48  hours,  and  there  is  no  toxin  present.  No  toxic  action  of  the 
filtrate  which  has  passed  through  the  Seitz  filter  has  ever  been  noted, 
and  up  to  500  c.c.  of  the  filtrate  has  been  injected  subcutaneously  and 
intraperitoneally  without  any  harmful  result  being  noted.  The 
formalinized  culture  in  the  case  of  black-quarter  can  be  termed 
“ anaculture  ” as  used  by  Weinberg.  Incubation  for  one  week  or 
longer  seems  to  improve  the  value  of  the  vaccine  as  will  be  shown 
later  in  the  paper. 

Before  the  vaccine  is  issued  for  use,  a routine  test  of  each  batch 
is  carried  out  by  subcutaneous  inoculation  in  sheep  and  testing  for 
immunity  two  to  three  weeks  later. 

Immunity  Tests  with  Black-quarter  Formalinized  Vaccine. 

As  the  black-quarter  filtrate  prepared  according  to  the  method 
of  Viljoen  and  Seheuber  had  always  proved  itself  remarkably 
efficient  in  the  preventive  inoculation,  it  was  decided  to  give  the 
newer  method  an  extensive  trial  to  prove  its  superiority  or  otherwise 
over  the  older  method.  Accordingly  several  batches  of  vaccine  were 
prepared  af  different  periods,  as  described  above,  and  tested  for 
efficacy. 

In  all  the  following  experiments  sheep  were  used,  as 
experimentally  they  are  the  most  susceptible  animals  we  have,  and 
more  reliable  and  uniform  results  were  obtained  than  with  the  use 
of  guinea-pigs.  The  virus  used  in  testing  for  immunity  was  prepared 
from  v.  Hibler's  medium  after  24  hours’  growth,  and  in  all  cases 
injected  intramuscularly  into  the  left  thigh  on  the  inner  surface. 
The  minimum  lethal  dose  in  all  the  experiments  is  taken  as  the 
smallest  dose  of  virus  which  kills  the  control  sheep.  The  M.L.D. 
varies  a little  in  some  experiments,  as  the  virulency  of  the  culture  is 
not  always  a constant  factor.  The  intervals  between  the  inoculation 
of  vaccine  and  injection  of  virulent  culture  varied  from  13  to  50 
days. 
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EXPERIMENT  No.  1.  (S.  3066.) 

To  test  the  efficacy  of  Black-Quarter  Formali nized  Vaccine, 
Batch  No.  1. 


Sheep  No. 

Vaccine 

Subcutaneously, 

10/5/27. 

Virus 

1 ntramuscularlv, 
2/6/27. 

Results. 

15603 

2 c.c. 

1 c.c. 

Lived. 

15631 

2 

15652 

3 „ 

15780 

4 „ 

15803 

5 „ 

15844 

6 „ 

16632 

6 

16650 

8 ., 

16706 

10  ,. 

16714 

» 

12  „ 

15610 

Control 

1 c.c. 

Died,  15. ty 

15612 

,, 

1-5  „ 

„ 

The  vaccine  was  tested  23  days  after  inoculation.  All  the  sheep 
were  immunized,  the  vaccine  giving"  protection  up  to  12  minimum 
lethal  doses. 


EXPERIMENT  No.  2.  [S.  3221(A).] 

To  test  the  efficacy  of  Black-Quarter  For mal mize d 1 arrnte, 
Batch  No.  2. 


Sheep  No. 

Vaccine 

Subcutaneously, 

27/8/27. 

Virus 

Intramuscularly, 

17/10/27. 

Results. 

16770 

1 c.c. 

2 c.c. 

Lived. 

16765 

2 

3 „ 

,, 

16925 

i „ 

3 „ 

„ 

17001 

2 „ 

4 „ 

17710 

Control 

2 c.c. 

Died,  B.Q. 

17730 

„ 

2 

„ 

E 

X PE RIM ENT  N 

o.  3.  (S.  3407.) 

To  test  the  ef 

leac  u of  Black-Quarter  For  mall n izcil  1 accine , 

Batch  A 

1 o.  3. 

Vaccine 

Virus 

Sheep  No. 

Subcutaneously, 

1 ntramuscularly, 

Results. 

20/2/28. 

10/4/28. 

18003 

1 c.c. 

1 c.c. 

Lived. 

1 0035 

1 „ 

1 „ 

19042 

2 

1 „ 

1 9044 

2 

1 „ 

18773 

Control 

•5  c.c. 

Died,  li.ty 

19085 

•7  „ 

197 
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EXPERIMENT  No.  4.  (S.  3415.) 


1 o test  the  efficacy  of  Black-Quarter  Formalinized  Vaccine, 
Batch  No.  4. 


Vaccine 

Virus 

Sheep  No. 

Subcutaneously, 

Intramuscularly, 

Results. 

28/2/28. 

10/4/28. 

19207 

2 c.c. 

1 c.c. 

Lived. 

19211 

2 

1 „ 

19213 

2 

1 „ 

19738 

2 

1 

19133 

2 c.c.  intramusc. 

1 „ 

19197 

2 c.c. 

1 „ 

19231 

2 

1 „ 

19204 

2 

1 „ 

Died,  B.Q. 

18733 

Control 

■5  c.c. 

Died,  B.Q. 

19085 

•7  „ 

One  sheep  died  from  black-quarter.  Sheep  Nos.  19133,  19197, 
were  injected  intramuscularly  with  no  difference  noted  in  the 
immunity  provided. 


EXPERIMENT  No.  5.  (S.  34G7.) 

To  test  the  efficacy  of  Black-Quarter  Formalinized  Vaccine, 
Batch  No.  5. 


Sheep  No. 

Vaccine 

Subcutaneously, 

16/4/28. 

Virus 

Intramuscularly, 

3/5/28. 

Result. 

19191 

2 c.c. 

1 c.c. 

Lived. 

19195 

2 

1-5  „ 

,, 

19214 

2 

1-5  „ 

,, 

19236 

2 „ 

2 

” 

18757 

Control 

1 c.c. 

Died,  B.Q. 

EXPERIMENT  No.  6.  (S.  3475.) 

To  test  the  efficacy  of  Black-Quarter  Formalinized  Vaccine, 
Batch  No.  6. 


Sheep  No. 

Vaccine 

Subcutaneously, 

17/4/28. 

Virus 

Intramuscularly, 

3/5/28. 

Result. 

19161 

1 c.c. 

1 c.c. 

Lived. 

19173 

1 „ 

1 „ 

,, 

19232 

2 

1 „ 

„ 

19248 

2 

1 „ 

” 

18730 

Control 

•5  c.c. 

Died,  B.Q. 

18757.  

” 

•7  „ 

” 
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EXPERIMENT  No.  7.  (S.  3540.) 

To  test  the  efficacy  of  Black-Quarter  Formalmize'd  Vaccine, 
Batch  No.  7. 


Sheep  No. 

Vaccine 

Subcutaneously, 

12/6/28. 

Virus 

Intramuscularly, 

3/7/28. 

Result. 

19693 

1 c.c. 

2 c.c. 

Lived. 

19691 

2 

3 „ 

19696 

2 

4 „ 

19712 

i .. 

2 

19714 

2 

3 ., 

19717 

2 

4 ,. 

19726 

i 

2 

19728 

2 

3 ,. 

19730 

2 

4 .. 

19703 

i 

2 

19706 

2 

3 „ 

19709 

2 

4 „ 

Died,  B.Q. 

19954 

Control 

1 C.C. 

Died,  B.Q. 

19968 

” 

2 

” 

EXPERIMENT  No.  8.  (S.  3587.) 


To  test  the  efficacy  of  Black-Quarter  Formal!  nized  Vaccine, 
Batch  No.  8. 


Sheep  No. 

Vaccine 

Subcutaneously, 

30/7/28. 

Virus 

Intramuscularly, 

14/8/28. 

Result. 

20191 

5 c.c. 

1 C.C. 

Lived. 

20753 

5 „ 

1-5  „ 

„ 

20361 

5 „ 

2 

,, 

20543 

•5  „ 

2-5  „ 

„ 

20547 

5 „ 

3 „ 

„ 

20445 

5 „ 

3-5  „ 

» 

20891 

Control 

■7  c.c. 

Died,  B.Q. 

20376 

1 „ 

Lived. 

109 
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EXPERIMENT  No.  9.  (8.  3607.) 


To  test  the  efficacy  of  Black-Quarter  F ormalinized  Vaccine, 


Batch  / 

Vo.  9. 

Vaccine 

Virus 

Sheep  No. 

Subcutaneously. 

Intram  usoularly, 

Result. 

30/8  28. 

11  9/28. 

20819 

2 c.c. 

1 C.C. 

Lived. 

20926 

2 

2 

20968 

5 

3 

20977 

5 .. 

4 „ 

20985 

5 „ 

5 „ 

20997 

2 

1 . 

21009 

2 

2 

21010 

5 

3 „ 

21019 

5 ., 

4 ,. 

21021 

5 „ 

5 

21139 

Control 

17  c.c. 

Died,  B.Q. 

21153 

1 

’’ 

Summary. — Of  the  62  sheep  injected  with  fonnalinized  vaccine, 
two  died  of  black-quarter.  Some  of  the  immunized  sheep  withstood 
up  to  12  minimum  lethal  doses.  The  intervals  between  the  injection 
of  vaccine  and  the  test  for  immunity  varied  from  13  to  50  days. 

No  difference  in  the  resultant  immunity  could  be  noted  when 
the  vaccine  was  injected  intramuscularly  instead  of  subcutaneously. 

As  the  vaccine  had  proved  itself  highly  efficient  against  the 
rather  severe  laboratory  test,  it  was  decided  to  give  it  a trial  against 
outbreaks  of  black-quarter  in  the  field.  Accordingly  when  an  out- 
break of  black-quarter  resulting  in  the  loss  of  five  calves  was  notified 
in  the  Pretoria  District,  all  the  calves  on  the  farm,  110  in  all,  were 
inoculated  with  fonnalinized  vaccine.  ( )n  the  12th  September,  1927, 
<me  year  later,  no  fresh  cases  of  black-quarter  had  occurred. 

Comparative  Tests  between  Filtrate  and  Foumalinized  Vaccine. 

Before  adopting  the  fonnalinized  method  for  the  preparation  of 
black-quarter  vaccine  on  a large  scale  (approximately  quarter  of  a 
million  doses  are  issued  annually),  and  discarding  the  filtrate  method, 
a series  of  experiments  were  carried  out  to  determine  which  gave 
the  greater  degree  of  immunity. 
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EXPERIMENT  No.  10.  (S.  2958.) 


Sheep  No. 

Vaccine 

Subcutaneously, 

3/2/27. 

Virus 

Intramuscularly, 

20/2/27. 

Result. 

15474 

2 c.c.  filtrate 

1 C.C. 

Lived. 

15575 

5 

1*5  „ 

15460 

10 

3 „ 

» 

15530 

2 c.c.  formalinized 
vaccine 

1 c.c. 

Lived. 

15584 

5 

1-5  „ 

15780 

10 

3 „ 

” 

15846 

Control 

•7  c.c. 

Died,  B.Q. 

15852 

1 „ 

” 

No  difference  could  he  noted  between  t lie  filtrate  and  formalinized 
vaccine  when  tested  up  to  3 M.L.D.’s.  It  was  therefore  decided  to 
increase  the  dose  of  virulent  culture.  See  following  experiment. 

M'Ewen,  1926,  found  that  formalinized  cultures  gave  better 
results  than  filtrate  from  a 48-hour  culture,  four  out  of  five  sheep 
dying  from  the  filtrate  lot,  whereas  none  died  from  the  formalinized 
lot.  The  filtrate,  however,  used  in  these  experiments  is  the  improved 
filtrate  as  described  in  the  eleventh  and  twelfth  Reports  of  the 
Director  of  Veterinary  Education  and  Research,  and  contains  a more 
powerful  aggressin  than  one  would  find  in  a 48-hour  culture. 


EXPERIMENT  No.  11.  (S.  3066.) 


Sheep  No. 

Vaccine,  10/5/27. 

Virus,  2/6/27. 

Result. 

1584! 

2 c.c.  sube.  filtrate 

1 c.c.  intram. 

Lived. 

7884 

2 

2 

8565 

2 

3 

10896 

2 

4 

10914 

2 

5 

14524 

2 

6 

16554 

2 

6 

16583 

2 

8 

Died,  B.Q. 

16592 

2 

Id 

Lived. 

16625 

2 

12 

15603 

2 c.c.  sube.  formali- 
nized vaccine 

1 c.c.  intram. 

Lived. 

15631 

2 

2 

15652 

2 

3 

15789 

2 

4 

1 5803 

2 

5 ,, 

15844 

- 

6 

1 6632 

2 

6 

1 6659 

2 

8 

16706 

2 

Id 

16714 

2 

12 

1 561U 

Control 

1 c.c.  intram. 

Died,  B.Q. 

15612 

” 

1-5 

” 

201 


IMMUNIZATION  AGAINST  ANAEROBES. 


Iii  this  experiment  one  sheep  of  the  filtrate  lot  died  from  black- 
quarter  on  receiving  8 M.L.D.’s.  None  of  the  formalinized  lot  died. 
No  great  difference  between  the  two  vaccines  could  be  noted  here, 
both  protecting  up  to  12  M.L.D.’s.  In  this  experiment  the  same 
filtrate  and  formalinized  vaccine  as  used  in  the  previous  experiment 
was  used. 


EXPERIMENT  No.  12.  (S.  3467.) 


Sheep  No. 

Vaccine,  10/4/28. 

Virus,  3/5/28. 

Result. 

19240 

19278 

19285 

18754 

2 c.c.  subc.  filtrate 
2 

5 „ „ 

5 

1 c.c.  intram. 
1 -5 

1 -5 

2 

Lived. 
Died,  B.Q. 

19191 

2 c.c.  formal,  vaccine 

1 c.c.  intram. 

Lived. 

19195 

2 

1 -5 

19214 

2 

1 -5 

,, 

2 

2 

” 

18757 

Control 

i 

Died,  B.Q. 

Here  again  one  of  the  filtrate  lot  died,  receiving  2 M.L.D.’s, 
whereas  none  of  the  formalinized  lot  died.  In  this  experiment  the 
filtrate  and  formalinized  vaccine  were  prepared  from  a fresh  batch. 


EXPERIMENT  No.  13.  (S.  3607.) 


Sheep  No. 

Vaccine 

Su  bcutaneously. 

Virus 

1 ntramuscularly. 

Result. 

20819 

2 c.c.  formal,  vaccine 

1 c.c. 

Lived. 

20920 

2 

•> 

>, 

22908 

5 „ 

3 „ 

20977 

5 „ „ 

4 „ 

00985 

5 

5 „ 

” 

21085 

2 c.c.  filtrate. 

1 c.c. 

Lived. 

21089 

2 

2 

Died,  B.Q. 

21091 

5 

3 „ 

Lived. 

21092 

5 ,, 

4 „ 

Died,  B.Q. 

21145 

5 ,, 

5 „ 

” 

21139 

Control 

•7  c.c. 

Died,  B.Q. 

21153 

” 

i „ 

” 

The  formalinized  vaccine  and  filtrate  were  prepared  from  a fresh 
batch  after  three  days’  growth.  In  this  experiment  the  formalinized 
vaccine  proved  itself  superior  in  immunizing  value  to  the  filtrate, 
none  of  the  formalinized  lot  dying,  whereas  three  out  of  five  of  the 
filtrate  lot  died  of  black-quarter. 
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Summing  up,  it  is  evident  that  the  formalinized  vaccine  gives  a 
better  immunity  than  tlie  filtrate  and  is  a more  stable  product,  for, 
although  the  filtrate  gave  a good  protection  in  Experiment  No.  11,  it 
failed  in  Experiment  No.  13.  Of  the  22  sheep  injected  with 
formalinized  vaccine,  all  survived  the  virulent  dose.  Of  the  22  sheep 
injected  with  filtrate,  five  succumbed  to  black-quarter. 

As  different  authors,  Kitt,  Okuda  (1925),  Kojima  (1923),  Cordier 
( 1926),  Berg  (1918),  Leclainche  and  Yallee  (1923),  McEwen  (1920), 
had  used  different  media  in  the  preparation  of  black-quarter  vaccine 
with  the  idea  of  obtaining  a more  powerful  aggressin,  an  experiment 
was  carried  out  to  determine  whether  there  was  any  difference  when 
black-quarter  was  grown  in — 

(а)  Y.  Hibler's  medium  for  48  hours  and  the  emulsion  treated 
with  .4  per  cent,  formaldehyde  solution. 

(б)  Liver-liver  broth  and  the  emulsion  treated  as  in  (a). 

(c)  Shell  diffusion  medium  as  described  by  McEwen  and  the 
emulsion  treated  as  in  (a). 


EXPERIMENT  No.  14.  (S.  3523.) 


Sheep  No. 

Vaccine 

Subcutaneously, 

30/5/28. 

Virus 

Intramuscularly, 

14/6/28. 

Result. 

14577 

18097 

18182 

2 c.c.  Hibler’s  medium 

2 

•> 

1 c.c. 
•) 

3 ” 

Lived. 

18189 

2 c.c.  liver-liver  broth 

1 c.c. 

Lived. 

18207 

2 

2 

„ 

18208 

2 

3 ,. 

” 

18285 

2 c.c.  shell  diffusion 

1 c.c. 

Lived. 

18351 

2 

2 

„ 

18775 

2 

3 „ 

19744 

Control 

1 -5  c.c. 

Died,  B.Q. 

Apparently  no  very  marked  difference  as  regards  immunizing 
power  is  present  when  either  v.  Hibler’s,  liver-liver  broth,  or  shell 
diffusion  medium  are  used  foi  the  preparation  of  formalinized 
vaccine  and  for  preparation  of  vaccine  on  a large  scale.  Liver-liver 
broth  is  the  most  practical. 

To  Note  the  Effect’  of  Repeated  Additions  of  (Im cose  to  tiii 

Vaccine. 

As  described  previously,  1 per  cent,  glucose  is  added  to  the 
medium  in  the  preparation  of  the  vaccine.  After  two  to  three  days' 
growth,  the  glucose  is  exhausted  by  the  growing  bacilli.  < >n 
readdition  of  1 per  cent,  glucose  to  the  medium  and  adjustment  of 
the  I>h  to  8.4,  vigorous  growth  once  more  occurs.  Readjusting  the 
medium  in  this  manner  three  times  at  intervals  of  three  days  each, 
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and  drawing  off  a quantity  of  the  emulsion  after  each  period  of 
growth,  an  experiment  was  carried  out  to  determine  whether  there 
was  any  marked  difference  in  degree  of  immunity  between  the 
emulsions  drawn  off  at  varying  intervals.  The  emulsions  were  all 
treated  with  .4  per  cent,  formalin  as  soon  as  they  were  withdrawn 
from  the  flask. 


EXPERIMENT  No.  15.  (S.  3540.) 


Vaccine 

Virus 

Sheep  No. 

Subcutaneously, 

Intramuscularly, 

Result. 

12/6/28. 

3/7/28. 

19693 

1 c.c.  3 days’  growth 

3 c.c. 

Lived. 

19691 

2 

4 „ 

19703 

1 c.c.  6 days’  growth 

3 c.c. 

Lived. 

19706 

2 

4 „ 

» 

19712 

1 c.c.  9 days’  growth 

3 c.c. 

Lived. 

19714 

2 

4 „ 

” 

19726 

1 c.c.  12  days'  growth 

3 c.c. 

Lived. 

19728 

2 

4 

” 

1 9954 

Control 

1 c.c. 

Died,  B.Q. 

19968 

- „ 

From  t lie  experiment  it  is  obvious  that  three  days’  growth  is 
sufficient  to  give  the  formalinized  vaccine  sufficient  immunizing 
power  and  there  is  no  marked  difference  between  three  days’  and  12 
days’  growth.  In  other  words,  one  addition  of  glucose  is  sufficient. 

No  experiment  was  carried  out  to  standardize  the  opacity  of 
the  emulsion  as  issued  for  vaccine.  When  the  flasks  containing  the 
inoculated  media  had  been  removed  from  the  incubator  after  three 
days’  growth,  they  were  vigorously  shaken  round,  allowed  to  stand 
for  half  an  hour,  and  the  supernatent  fluid  containing  the  bacilli  and 
spores  siphoned  off.  Very  little  sediment  is  thus  obtained  in  the 
vaccine,  and  the  needle  of  the  syringe  will  never  become  blocked 
when  vaccination  is  carried  out,  providing  a medium-sized  needle  is 
used. 


To  DETERMINE  THE  LENGTH  OF  DURATION  OF  THE  IMMUNIZING 

Properties  of  Formalinized  Vaccine  stored  at  Room 
Temperature  in  Ordinary  Light. 

For  practical  purposes  when  vaccine  is  prepared  on  a large  scale, 
it  is  necessary  to  determine  how  long  the  vaccine  can  be  stored  without 
losing  its  immunizing  power.  Accordingly  a few  batches  were  stored 
at  room  temperature  in  ordinary  light  for  six  and  seven  months 
respectively. 
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Vaccine  Batcli  Xo.  3,  which  was  prepared  on  the  20.2.28  (see 
Experiment  No.  3),  was  retested  on  the  20.8.28,  six  months  later. 


EXPERIMENT  No.  16.  (S.  3607.) 


Sheep  No. 

Vaccine 

Subcutaneously, 

20/8/28. 

Virus 

Intramuscularly, 

11/9/28. 

Result. 

CO 

CO 

: 1 

2 c.c.  6 Months  old. 

1 c.c. 

Lived. 

21009 

*> 

•) 

,, 

21010 

5 

3 „ 

21019 

5 

-t  . 

,, 

21021 

5 

5 „ 

21139 

Control 

•7  c.c. 

Died,  B.Q. 

21 153 

i „ 

” 

Result. — Batch  No.  3 retested  six  months  later  had  still  retained 
its  full  immunizing  power. 


EXPERIMENT  No.  17.  (S.  3469.) 

Vaccine  Hatch  No.  2 (see  Experiment  No.  2)  retested  seven  mouths 

later. 


Sheep  No. 

Vaccine,  16/4/28. 

Virus,  3/5/28.  Result. 

2 c.c.  subcut.  7 months  old 

1 c.c.  intramuscularly  Died,  B.Q. 

19171 

2 

1-5  ,,  .,  Lived. 

19179 

5 „ 

1-5 

19196 

5 „ „ 

1 „ „ 

18757 

Control 

1 c.c.  intramuscularly  1 Died,  B.Q. 

Result. — tine  out  of  four  immunized  sheep  died  from  black- 
quarter.  The  vaccine  apparently  had  become  slightly  weaker  at 
seven  months’  storage. 


EXPERIMENT  No.  18.  (S.  3629.) 

Since  the  formal inized  vaccine  prepared  from  cultures  of  the 
black-quarter  bacilli  had  yielded  such  good  results,  il  was  interesting 
to  determine  the  effect  of  formalin  on  tin*  natural  aggressin  and 
bacilli  derived  from  the  animal  itself. 
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A sheep  was  injected  intramuscularly  with  .7  c.c.  virulent 
black-quarter  culture  in  the  left  thigh.  As  soon  as  it  succumbed,  the 
area  around  the  seat  of  inoculation  was  cut  open  and  the  blood  and 
muscle  juice  collected  to  which  .4  per  cent,  formalin  was  added.  48 
Hours  later  the  fluid  was  injected  into  sheep  to  test  for  immunity. 


Sheep  No. 

Vaccine 

Subcutaneously, 

17/9/28. 

Virus 

Intramuscularly, 

3/10/28. 

Result. 

15915 

1 c.c. 

1 c.c. 

Lived. 

15996 

1 ., 

2 

16013 

1 ., 

3 ., 

,, 

15922 

1 „ 

4 „ 

» 

19534 

2 c.c. 

5 c.c. 

Died,  B.  Q. 

19548 

2 

6 „ 

Lived. 

19550 

2 

7 ., 

19565 

2 

8 „ 

» 

19582 

5 c.c. 

10  c.c. 

Lived. 

15983 

5 „ 

12  „ 

” 

21084 

Control 

1 c.c. 

Died,  B.Q. 

21017 

” 

1 -5  „ 

” 

Result. — All  four  sheep  injected  with  1 c.c.  vaccine  survived. 
Of  the  four  sheep  injected  with  2 c.c.  vaccine,  one  died  at  5 M.L.D.’s, 
the  other  three  protecting  up  to  0,  7,  and  8 M.L.D.’s.  Of  the  two 
sheep  injected  with  5 c.c.  vaccine,  both  immunized  up  to  10  and  12 
M.L.D.'s. 

This  is  therefore  a rapid  and  easy  method  of  preparing  black- 
quarter  natural  aggressin  within  48  hours,  which  gives  a very  strong 
immunity.  Xo  filtration  or  centrifugalization  is  necessary,  and  the 
vaccine  contains  the  sterile  bacilli  in  addition  to  the  natural  aggressin 
present  in  the  muscle  juices  and  blood. 

To  DETERMINE  THE  X.UIURE  OF  THE  IMMUNITY  PRODUCED  IN  SHEEP  BY' 

Black-Quarter  Formalinized  Vaccine. 

The  fact  that  the  black-quarter  bacilli  while  growing  liberate  a 
substance  into  the  surrounding  medium  has  long  been  made  use  of  in 
the  immunization  against  black-quarter.  This  product,  the  so-called 
aggressin  or  germ-free  filtrate,  has,  by  its  superior  immunizing 
properties,  replaced  the  older  method  of  using  bacillary  emulsions 
attenuated  in  different  ways. 

Immunity  in  black-quarter  can  be  produced  by  the  use  of  the 
bacilli  alone  or  by  the  use  of  the  products  of  the  bacilli,  i.e.  the 
filtrate  alone.  In  the  use  of  formalinized  vaccine  both  these  factors 
are  brought  into  use. 

The  following  series  of  experiments  were  carried  out  to  deter- 
mine the  nature  of  the  action  of  the  formalin  on  the  bacilli  and  on 
the  filtrate  in  a formalinized  emulsion  of  black-quarter. 
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EXPERIMENT  No.  19.  (8.  3499.) 


To  show  the  Immunity  produced  hy  the  Germ-free  Filtrate  alone. 


Sheep  No. 

Vaccine,  8/5/28. 

Virus,  29/5/28. 

Results. 

19107 

5 c.c.  filtrate  subcutaneously 

1 c.c.  intramuscularly 

Lived. 

19208 

5 

1-5 

19209 

5 

2 

19218 

5 „ „ 

2-5 

19530 

Control 

1 c.c.  intramuscularly 

Died,  B.Q. 

EXPERIMENT  No.  20.  (8.  3582.) 

To  show  the  Immunity  produced  hy  the  Bacili  (done. 

A 48-hour  culture  of  black-quarter  was  centrifuged  for  15 
minutes  at  high  speed  and  washed  with  normal  saline.  This  opera- 
tion was  repeated  six  times  until  it  could  reasonably  be  assumed  that 
the  bacilli  had  been  washed  free  of  all  its  culture  fluid. 


Sheep  No. 

Vaccine,  25/7/28. 

Virus,  14/8/28. 

Result. 

20874 

5 c.c.  washed  bacilli  emuls. 

1 c.c.  intramuscularly 

Lived. 

20794 

5 

1 

20789 

10 

2 

,, 

20883 

10 

9 

20843 

Control 

1 c.c.  intramuscularly 

Died,  B.Q. 

The  washed  emulsion  naturally  contains  a large  number  of  spores 
in  addition  to  bacilli,  but  for  brevity  “ bacilli  " instead  of  “ bacilli 
and  spores  ” is  used  throughout  the  paper. 

To  SHOW  THE  ACTION  OF  FORMALDEHYDE  ON  11  LACK- QUARTER  ElLTRATE 
WHICH  WAS  FILTERED  THROUGH  THE  SEITZ  FILTER  AND  TESTED 
TO  SHOW  THAT  IT  WAS  GrERM-FREE. 

Two  sheep  were  injected  with  filtrate  to  which  .4  per  cent, 
formaldehyde  was  added  and  left  in  contact  for  14  days.  Two  slice]) 
were  injected  with  ordinary  filtrate.  The  fill  rate  was  prepared  from 
a three  days’  growth  in  liver-liver  broth  medium. 


EXPERIMENT  No.  21.  (3468,  3467.) 


Sheep  No. 

Vaccine  Subcutaneously. 

Virus  1 ntramuscularly. 

Result. 

19147 

5 c.c.  filtrate  & 4 % formald. 

1-5  c.c. 

Lived. 

19159 

5 „ „ 

” 

19285 

5 c.c.  filtrate 

1-5  „ 

Lived. 

18754 

5 ,, 

- 

Died,  B.Q. 

18757 

Control 

1 c.c. 

Died.  B.Q. 
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From  the  experiment  it  appeared  as  if  the  formaldehyde  had 
exerted  a beneficial  action  on  the  filtrate. 


EXPERIMENT  No.  22.  (3566.) 


Sheep  No. 

Vaccine  Subcutaneously. 

Virus  Intramuscularly. 

Result. 

20408 

2 c.c.  filtrate  & -4  °0  formal. 

1 C.C. 

Lived. 

20360 

2 

2 

” 

20396 

2 c.c.  filtrate 

1 c.c. 

Died,  B.Q. 

20420 

2 

2 

20503 

Control 

1 c.c. 

Died,  B.Q. 

A fresh  hatch  of  vaccine  was  prepared  for  the  above  experiment 
and  a similar  dose  of  filtrate  injected,  to  accentuate  if  possible  the 
difference.  From  the  experiment  it  appears  as  if  the  formaldehyde 
has  a marked  beneficial  effect  on  the  filtrate.  The  experiment  was 
repeated  with  different  batches  of  filtrate  with  not  such  marked  results 
as  in  the  two  previous  experiments.  No  definite  conclusion  could  be 
formed  as  to  whether  the  action  of  formaldehyde  on  a weak  aggressin 
would  change  it  into  a stronger  aggressin. 

In  the  formalinized  vaccine  the  formaldehyde  naturally  exerts  its 
action  both  on  the  bacilli  and  the  products  of  the  bacilli  present  in  the 
emulsion,  namely,  the  aggressin.  To  show  that  there  is  quite  an 
appreciable  amount  of  aggressin  present,  the  formalinized  vaccine  was 
filtered  through  the  Seitz  filter  and  the  germ-free  filterate  injected  into 
sheep. 


EXPERIMENT  No 

23.  (S.  3475.) 

Sheep  No. 

Vaccine  Subcutaneously. 

Virus  Intramuscularly. 

Result. 

19161 

2 c.c.  filtrate 

1 C.C. 

Lived. 

19173 

2 

i • 5 „ 

,, 

19232 

5 ,, 

1-5  „ 

19248 

5 ,, 

2 

18757 

Control 

1 c.c. 

Died,  B.Q. 

As  it  was  uncertain  whether  the  prolonged  action  of  the 
formaldehyde  on  the  aggressin  would  cause  a certain  loss  in 
immunizing  value,  .4  per  cent,  formaldehyde  was  added  to  the  filtrate 
and  left  in  contact  for  five  months  before  testing  for  immunity.  The 
formalinized  filtrate  was  compared  with  filtrate  five  months  old  to 
which  no  formaldehyde  had  keen  added. 
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EXPERIMENT  No.  24.  (S.  3498.) 


Sheep  No. 

Vaccine  Subcutaneously. 

Virus  Intramuscularly. 

Result. 

1 9249 

5 c.c.  filtrate  and  -4  0o  form. 

1 c.c. 

Lived. 

19308 

5 

1-5  „ 

18737 

5 

1-5  ., 

1 8755 

5 „ „ 

2 

” 

18924 

5 c.c.  filtrate 

1 c.c. 

Lived. 

19121 

5 

1 -5  ., 

19216 

5 

1 -5 

19242 

5 

2 

” 

19530 

Control 

1 c.c. 

Died,  B.Q. 

Ret suits . — The  formaldehyde  left  in  contact  with  the  filtrate  for 
five  months  had  no  deteriorating'  effect  on  t lie  filtrate,  and  the 
immunity  produced  was  as  good  as  that  of  the  ordinary  filtrate. 

The  following  point  to  determine  was  the  action  of  the  formalde- 
hyde on  the  bacilli  present  in  the  formalinized  emulsion.  To  do 
this  a 48-hour  culture  was  prepared,  the  bacilli  washed  in  normal 
saline  after  being  centrifuged  for  15  minutes.  The  operation  was 
repeated  six  times  until  it  could  be  reasonably  assumed  that  the 
bacilli  had  been  washed  clear  of  all  culture  fluid.  To  ensure  that 
the  washed  bacilli  were  devoid  of  any  aggressin,  20  c.c.  was  inoculated 
into  sheep  without  any  harmful  effect.  .4  per  cent,  formaldehyde  was 
added  to  the  washed  bacillary  suspension  in  saline  and  left  for  14 
days  before  inoculating  the  sheep  to  test  for  immunity.  Four  other 
sheep  received  washed  bacilli  in  saline  suspension  to  which  no 
formaldehyde  had  been  added. 


EXPERIMENT  No.  25.  (S.  3543.) 


Sheep  No. 

Vaccine  Subcutaneously. 

Virus  Intramuscularly. 

Result. 

19690 

5 c.c.  washed  em/ul.  & -4  % F. 

3 c.c. 

Lived. 

19780 

5 .,  „ 

I „ 

19786 

5 

•3  „ 

„ 

19809 

20 

I „ 

19747 

5 c.c.  icashed  emulsion 

3 c.c. 

Lived. 

1 9753 

5 ,,  „ 

4 „ 

19754 

5 

3 ., 

„ 

19751 

20 

4 „ 

19954 

Control 

1 c.c. 

Died.  It. Q. 

lies  nil.- — Washed  bacilli  sterilized  with  .4  percent,  formaldehyde 
immunized  as  well  as  washed  bacilli  to  which  no  formaldehyde  had 
been  added. 
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To  show  that  no  immunizing  substance  had  been  liberated  from 
the  washed  bacillary  suspension  by  the  action  of  the  formaldehyde, 
a washed  bacillary  suspension  in  saline  was  prepared  as  before, 
.4  per  cent,  formaldehyde  added  and  left  in  contact  for  three  weeks. 
The  suspension  was  then  filtered  through  a small  Seitz  filter  to  retain 
all  bacillary  bodies  and  the  germ-free  filtrate  injected  into  sheep. 


EXPERIMENT  No.  2b.  (S.  3607.) 


Sheep  No. 

Vaccine  Subcutaneously, 
20/8/28. 

Virus  Intramuscularly, 
11/9/28. 

Result. 

21025 

5 c.c.  filtrate 

1 c.c. 

Died,  B.Q. 

21U32 

5 ,. 

2 

,, 

21046 

10  ,. 

•> 

21078 

10  „ 

3 „ 

21153 

Control 

1 c.c. 

Died,  B.Q. 

Result.- — No  immunizing  substance  is  present  in  the  surrounding 
fluid.  The  immunizing  property  when  formalinized  washed  bacilli 
produce  immunity  fust  therefore  be  present  within  the  bacillary  body 
itself,  and  is  only  liberated  within  the  animal  body  probably  when 
the  bacilli  are  broken  up  and  ingested  by  phacocytes. 

Summary. — From  the  experiments  it  is  clear  that  two  distinct 
factors  operate  in  producing  immunity  in  black-quarter  formalinized 
vaccine,  A’iz.,  the  aggressin  present  in  the  fluid  and,  secondly,  the 
sterile  bacilli.  When  formalinized  washed  bacilli  produce  immunity, 
the  immunizing  substances  are  present  within  the  bacilli  and  only 
liberated  when  the  bacilli  are  absorbed  and  broken  up  within  the 
animal  body.  The  black-quarter  bacilli  therefore  contain  what  may 
be  called  an  “ endo-aggressin  ” as  well  as  being  able  to  produce  an 
11  exo-aggressin  ” and  when  the  formalinized  emulsion  is  injected  in 
reality  a double  immunity  is  produced. 

II. — Immunization  against  “ Vibrion  septique.” 

Before  formaldehyde  had  been  used  to  detoxicate  cultures  of 
Vibrion  septique,  the  filtrate  had  been  in  use  for  immunization  against 
Vibrion  septique.  The  filtrate  was  prepared  in  the  same  way  as  hlack- 
quarter  filtrate,  but  usually  marked  toxic  swellings  appeared  in  the 
inoculated  region.  On  heating  the  filtrate  to  65°  C.  for  half  an  hour 
to  destroy  the  toxin  which  causes  the  swellings,  the  immunizing 
properties  in  the  filtrate  are  also  destroyed  as  shown  in  the  following- 
experiment  : — 


EXPERIMENT  No.  27.  (S.  2862.) 


Sheep  No. 

Vaccine  Subcutaneously. 

Virus  Intramuscularly. 

Result. 

15132 

5 c.c.  filtrate 

•2  c.c. 

Lived. 

15135 

10 

•4  „ 

15170 

5 c.c.  filtrate  at  65°  for  ^ hr. 

•2  c.c. 

Died,  V.S. 

15172 

10 

•4  „ 

” 

15772 

Control 

•2  c.c. 

Died,  V.S. 
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Result. — The  two  sheep  which  had  received  the  ordinary  filtrate 
survived,  whereas  the  two  sheep  which  had  received  the  filtrate 
heated  to  65°  C.  for  half  an  hour  both  died.  The  filtrate  therefore 
is  unsatisfactory  for  inoculation  against  Vibrion  septique.  The 
experiment  was  repeated  several  times  using  different  strains  of 
vibrion  .septique  with  the  same  result.  The  preparation  of  Vibrion 
septique  formalinized  vaccine  is  the  same  as  that  for  black-quarter, 
and  the  vaccine  can  safely  be  used  after  allowing  the  formaldehyde 
to  act  for  one  week  at  37°  to  40°  C.  in  the  incubator. 

A few  batches  were  prepared  and  tested  for  efficacy. 


EXPERIMENT  No.  28.  (S.  3361.) 

To  Test  the  Efficacy  of  Vibrion  Septique  Formalinized  Vaccine, 
Batch  No.  1. 


Sheep  No. 

Vaccine 

Subcutaneously, 

6/1/28. 

Virus 

Intramuscularly, 

15/2/28. 

Result. 

1754!) 

1 c.c. 

•5  c.c. 

Lived. 

17593 

1 „ 

•5  „ 

17613 

1 „ 

•5  „ 

•> 

19198 

Control 

■3  c.c. 

Died,  V.S. 

EXPERIMENT  No.  29.  (S.  3541.) 

Batch  No.  2. 


Sheep  No. 

Vaccine 

Subcutaneously, 

13/6/28. 

Virus 

Intramuscularly, 

28/6/28. 

Result. 

19739 

5 c.c. 

1 c.c. 

Lived. 

19741 

5 „ 

1 „ 

- 

19944 

Control 

•5  c.c. 

Died. 

As  a number 

of  outbreaks  of 

malignant  oedem 

i had  occurred 

during  the  past  year,  especially  during  the  sheep-shearing  season, 
it  was  decided  to  incorporate  both  vibrion  septique  and  black-quarter 
in  one  vaccine.  On  account  of  the  size  of  the  country  much  time  is 
usually  wasted  before  muscle  specimens  sent  to  the  Laboratory  can 
be  properly  tested  and  diagnosed  for  black-quarter  or  malignant 
oedema.  As  both  black-quarter  and  malignant  oedema  occur  in 
sheep,  inoculation  with  the  double  vaccine  can  be  carried  out 
immediately  an  outbreak  resembling  black-quarter  or  malignant 
oedema  occurs.  Where  black-quarter  or  malignant  oedema  has 
occurred  in  tlie  past,  it  is  advisable  to  inoculate  the  sheep  a week  or 
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two  before  shearing  commences.  Black-quarter  and  vibrion  septique 
are  grown  in  separate  flasks  as  described  previously  and  .4  per  cent, 
formaldehyde  added.  After  one  week  in  the  incubator  at  -37°  C.,  on 
bottling  the  vaccine  in  100  c.c.  bottles  50  c.c.  of  the  black-quarter 
vaccine  are  run  into  the  bottle  and  then  50  c.c.  of  the  malignant 
oedema  vaccine.  The  dose  for  sheep  is  2 c.c.  of  the  mixed  vaccine, 
after  thoroughly  shaking  the  bottle. 

A few  batches  of  the  mixed  black-quarter  and  malignant  oedema 
vaccine  were  prepared  and  tested. 


EXPERIMENT  No.  30.  (S.  3270.) 


Sheep 

No. 

Vaccine  Subcutaneously, 
7/11/27. 

Virus  Intramuscularly, 
22/11/27. 

Result. 

17415 

2 c.c.  mixed  B.Q.  and  V.S. 

2 c.c.  B.Q. 

Lived. 

17481 

2 

2 

” 

1771(1 

Control,  B.Q. 

2 c.c.  B.Q. 

Died,  B.Q. 

25/11/27. 

- 

— 

1 c.c.  V.S. 
1 

Lived. 

1754(1 

Control,  V.S. 

1 c.c.  V.S. 

Died,  V.S. 

Result. — Botli  the  sheep  were  immunized  against  B.Q.  and  Y.S. 

EXPERIMENT  No.  31.  (S.  3379.) 

Batch  No.  2. 


Sheep 

Vaccine  Subcutaneously, 

Virus  Intramuscularly, 

No. 

19/1/28. 

6/2/28,  B.Q. 

17(157 

2 c.c.  mixed  B.Q.  and  V.S. 

3 c.c.  B.Q. 

Lived. 

1 7659 

2 

3 

,, 

1 7682 

2 

3 

17669 

2 

3 

Died.  B.Q. 

18913 

Control,  B.Q. 

3 c.c.  B.Q. 

Died,  B.Q. 

15/2/28,  V.S. 



— 

•5  c.c.  V.S. 

•5 

■5 

Lived. 

— 

Control,  V.S. 

•3  c.c.  V.S. 

Died,  V.S. 

Result. — The  vaccine  was  first  tested  against  black-quarter  and 
nine  days  later  against  vibrion  septique.  One  sheep  died  from  black- 
quarter  and  the  other  three  were  immunized  against  both  black- 
quarter  and  vibrion  septique. 
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As  shown  before  in  the  case  of  black-quarter,  the  immunity 
produced  by  the  use  of  formalinized  vibrion  septique  vaccine  is  also 
a double  immunity.  The  Vibrion  septique  bacilli  washed  free  of  its 
toxin  and  suspended  in  saline  produce  immunity.  Similarly  the 
washed  bacilli  sterilized  by  the  addition  of  .4  per  cent  formaldehyde 
produce  immunity. 


EXPERIMENT  No.  32.  (S.  3358.) 


Sheep 

No. 

Vaccine  Subcutaneously,  5/1/28. 

Virus 

Intramuscularly, 

15/2/28. 

Result. 

17650 

17674 

2 c.c.  washed  V.S.  suspension 

5 

•5  c.c. 

1 „ 

Lived. 

17677 

17709 

2 c.c.  washed  V.S.  suspension  & -4  % F. 

5 

•5  c.c. 
1 ... 

Lived. 

19198 

Control 

•3  c.c. 

Died,  V.S. 

EXPERIMENT  No.  33. 


Experiment  No.  32  was  repeated  with  a freshly  prepared  vibrion 
septique  saline  suspension. 


Sheep 

No. 

Vaccine  Subcutaneously, 
19/6/28. 

Virus 

Intramuscularly, 

4/7/28. 

Result. 

19851 

5 c.c.  washed  V.S.  suspension 

1 C.C. 

Died,  V.S. 

19886 

5 

1-5  „ 

Lived. 

19892 

5 

1 -5  „ 

,, 

19893 

20 

2 

” 

19902 

5 c.c.  washed  V.S.  suspension  & ’d0,,  F. 

1 c.c. 

Lived. 

19903 

5 

1-5  „ 

,, 

19911 

5 

1-5  ,. 

Died,  V.S. 

19918 

20 

9 

Lived. 

19969 

Control 

1 c.c. 

Died,  V.S. 

A fresh-washed  vibrion  septique  saline  suspension  was  prepared, 
four  sheep  receiving  washed  suspension  and  four  receiving  washed 
suspension  plus  .4  per  cent,  formaldehyde;  tin*  formaldehyde  remain- 
ing in  contact  for  seven  days  before  the  slieep  were  inoculated.  In 
this  experiment  one  sheep  from  the  ordinary  washed  suspension  lot 
died  and  one  sheep  from  the  washed  suspension  plus  formaldehyde 
lot. 
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III. — Immunization  against  “ B,  welchii  ” and  “ B.  oedematiens.” 

Of  the  anaerobes  of  the  gas-gangrene  type,  black-quarter  and 
vibrion  septique  are  those  most  commonly  met  with  in  South  Africa. 

B.  welchii  has  rarely  been  isolated  from  muscle  specimens  where 
the  symptoms  described  can  be  attributed  to  B.  welchii  infection. 
B.  oedematiens  has  never  been  isolated. 

It  was  of  sufficient  interest,  however,  to  note  the  action  of 
formaldehyde  on  these  members  of  the  gas-gangrene  group,  and  to 
prepare  if  possible  a vaccine  on  similar  lines  to  black-quarter  and 
malignant  oedema.  We  are  indebted  to  the  Lister  Institute  for 
providing  the  strains  of  B.  oedematiens  and  B.  welchii. 

“11.  Oedematiens  ” Formauinized  Yaccine. 

The  medium  used  was  liver-liver  broth  and  the  preparation  the 
same  as  that  for  black-quarter  forma linized  vaccine,  adding  .4  per 
cent,  formaldehyde.  The  formaldehyde  was  left  in  contact  for  14 
days  before  the  vaccine  was  inoculated.  As  one  inoculation  of  5 c.c. 
of  the  vaccine  was  not  always  sufficient  to  produce  a good  immunity, 
a double  inoculation  with  12  days’  interval  was  carried  out  and  the 
result  compared  with  a single  inoculation. 


EXPERIMENT  No.  34.  (8.  3412.) 


Sheep  Xo. 

Vaccine  Subcutaneously. 

Virus 

Intramuscularly, 

24/4/28. 

Result. 

19287 

5 c.c.  (25/2/28) 

1 -5  c.c. 

Hied,  B.  Oed. 

19202 

5 „ (25/2/28)  and  (6/3/28) 

2 

Lived. 

18768 

Control 

■7  c.c. 

Died,  B.  Oed. 

Sheep  19287,  which  had  received  only  one  inoculation,  died; 
while  sheep  19202,  which  had  received  a second  inoculation  12  days 
later,  survived. 


The  experiment  was  repeated,  both  sheep  receiving  a double 
inoculation  of  5 c.c.  vaccine  with  12  days’  interval. 


EXPERIMENT  No.  35.  (S.  3412.) 


Sheep  Xo. 

Vaccine  Subcutaneously. 

Virus 

Intramuscularly, 

2/6/28. 

Result. 

19006 

5 c.c.  (7/5/28)  and  5 c.c.  (19/5/28) 

1-5  c.c. 

Lived. 

19074 

5 „ „ 5 

2 

” 

19600 

Control 

1 c.c. 

Died,  B.  Oed. 

A double  inoculation  with  12  days’  interval  produces  a good 
immunity. 
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A single  inoculation  can,  however,  produce  immunity  in  sheep, 
as  the  following  experiment  shows:  — 

EXPERIMENT  No.  36.  (S.  3521.) 

In  this  experiment  the  medium  used  was  v.  Hibler’s;  .4  per 
cent,  formaldehyde  was  added  and  left  in  contact  with  the  emulsion 
for  14  days. 


Vaccine 

Virus 

Sheep  No. 

Subcutaneously, 

Intramuscularly, 

Result. 

30/5/28. 

26/6/28. 

19206 

5 c.c. 

2'5  c.c. 

Lived. 

19234 

5 „ 

2-5  „ 

” 

19928 

Control 

•7  c.c. 

Died,  B.  Oed. 

“ 13.  welchii  ” Formalinized  Vaccine. 

With  the  use  of  B.  welch ii  formalinized  vaccine  it  was  difficult  to 
immunize  sheep,  even  two  injections  of  5 c.c.  failing'  in  some  cases  to 
immunize.  One  injection  of  vaccine  never  proved  successful. 


EXPERIMENT  No.  37.  (S.  3522.) 


Sheep  No. 

Vaccine  Subcutaneously. 

Virus 

Intramuscularly, 

26/6/28. 

Result. 

19307 

5 c.c.  (30/5/28) 

2 c.c. 

Died. 

19677 

5 

2 

” 

19319 

5 c.c.  (30/5/28)  and  5 c.c.  (14/6/28) 

3 c.c. 

Lived. 

19681 

5 „ „ 5 ,, 

3 „ 

” 

19935 

Control 

3 c.c. 

Died. 

Both  sheep  receiving  the  double  inoculation  survived.  Two 
inoculations  are,  however,  not  always  successful,  as  the  following- 
experiment  will  show:  — 


EXPERIMENT  No.  38.  (S.  3409.) 


Sheep  No. 

Vaccine  Subcutaneously. 

Virus 

Intramuscularly, 

26/4/28. 

Result. 

19157 

5 c.c.  (24/2/28)  and  5 c.c.  (23/3/28) 

3 c.c. 

Died. 

19160 

5 „ „ 5 ,, 

4 „ 

Lived. 

19568 

Control 

3 c.c. 

Died. 
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The  virulent  culture  was  injected  34  days  after  the  last  injection 
of  vaccine,  and  one  sheep  died  although  having  received  two  inocula- 
tions of  5 c.c.  each.  In  the  case  of  B.  welcliii,  fornialinized  cultures 
do  not  produce  a very  good  immunity,  whereas  in  black-quarter, 
vibrion  septique,  and  B.  oedematiens  a single  inoculation  of  a small 
dose  is  usually  sufficient  to  establish  a good  immunity. 

Seeking  an  explanation  for  this  fact,  washed  cultures  of  B. 
welclni  were  prepared  and  two  sheep  injected. 


EXPERIMENT  No.  39. 


Sheep 

No. 

Vaccine 

Subcutaneously. 

Virus 

Intramuscularly. 

Result. 

19113. 

19117. 

2 c.c.  washed  emulsion 
5 ,, 

3 c.c. 

4 „ 

Died, 

B.W. 

1 9598 . 

Control 

3 c.c. 

Died, 

B.W. 

Similarly  washed  cultures  of  B.  welclni  were  prepared  and  .4  per 
cent  formaldehyde  added,  which  was  left  in  contact  for  14  days  before 
injecting. 


EXPERIMENT  No.  40. 


Sheep 

No. 

Vaccine  Subcutaneously. 

Virus 

Intramuscularly. 

Result. 

19255 

5 c.c.  washed  emulsion  and  • 4 % F. 

3 c.c. 

Died,  B.W. 

19264 

5 

4 „ 

19568 

Control 

3 c.c. 

Died.  B.W. 

There  are,  therefore,  apparently  very  little  or  no  immunizing 
properties  present  within  the  bacillary  bodies  themselves  in  contrast 
to  black-quarter  and  vibrion  septique,  washed  emulsions  of  which 
produced  a good  immunity.  This  possibly  explains  the  need  of 
repeated  injections  of  fornialinized  cultures  of  B.  welcliii,  the  exo- 
products  of  the  bacilli  apparently  providing  the  immunity.  Not 
enough  sheep  were  used  in  this  experiment  to  draw  definite  con- 
clusions, but  the  results  are  in  accordance  with  those  of  Weinberg 
and  Prevot,  who  found  that  it  was  difficult  to  immunize  small 
laboratory  animals  even  with  repeated  injections  of  B.  irclclni,  either 
washed  lining  or  cultures  killed  by  heat. 


PART  il. 


Experiments  in  connection  with  the  pathogenesis  of  Black-Quarter. 

As  the  route  of  infection  in  black-quarter  under  natural  condi- 
tions has  never  yet  been  clearly  understood  and  has  always  been  of 
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a puzzling  nature,  a few  experiments  were  carried  out  to  determine 
if  possible  the  mode  of  entry  of  the  bacilli  into  the  animal  body. 

When  an  examination  of  t lie  carcase  of  an  animal  that  has  died 
of  black-quarter  in  the  field  is  carried  out,  usually  no  visible  external 
skin  lesions  are  found,  excepting  in  cases  of  black-quarter  in  sheep, 
where  the  mode  of  entry  is  obviously  through  shearing  or  castration 
wounds.  To  determine  this  experimentally,  sheep  15482  was  snipped 
through  the  skin  on  the  inner  surface  of  the  left  thigh  with  an 
ordinary  sheep-shearing  implement.  In  the  resulting  wound,  which 
was  approximately  half  an  inch  long  and  extended  through  the  sub- 
cutis, a drop  of  virulent  black-quarter  culture  was  placed.  The  sheep 
died  48  hours  later  from  blaek-quarter.  The  wound  must  extend  at 
least  through  the  subcutis  and  submucosa  before  infection  occurs,  as 
intradermal  inoculation  of  virulent  culture  does  not  cause  any 
infection.  Sheep  15275  received  .5  e.c.  virulent  culture  intra- 
dermally.  Sheep  15040  received  .5  c.c.  plus  .5  e.c.  one  inch  away 
from  the  first  injection.  K.  Wagener  (1925)  also  could  not  establish 
infection  by  intradermal  inoculation. 

In  calves,  if  no  visible  lesion  is  present  on  the  skin,  unless  of 
course  the  wounds  are  so  small  that  they  are  invisible  to  the  naked 
eye,  the  other  mode  of  entry  may  possibly  be  through  the  gastro- 
intestinal tract. 

Sheep  Nos.  1195  and  11244  were  drenched  by  means  of  a stomach 
tube  with  500  c.c.  virulent  culture,  thereafter  with  250  c.c.,  and  a 
few  days  later  with  500  c.c.,  without  any  harmful  effect.  It  is 
obvious  therefore  that  the  black-quarter  bacilli  apparently  do  not  pass 
through  the  intact  mucous  membrane  and  that  some  other  predis- 
posing cause  must  be  present  if  the  route  of  infection  occurs  via  the 
intestinal  tract.  Two  sheep,  Nos.  19918  and  20399,  were  drenched 
with  virulent  black-quarter  culture  as  follows:  200  c.c.,  400  c.c., 

600  c.c.,  600  c.c.,  at  intervals  of  five  days.  Two  sheep.  Nos.  20700 
and  20742,  received  only  one  dose  of  200  c.c.,  and  sheep  INo.  20780 
received  10  c.c.,  10  c.c.,  10  c.c.,  10  c.c.,  10  c.c.  at  intervals  of 
five  days.  Fourteen  days  after  the  last  dose  per  os,  the  sheep  were 
tested  for  immunity  by  the  injection  of  virulent  culture  intramuscu- 
larly. 


EXPERIMENT  No.  41.  (S.  3578  and  S.  3577.) 


Sheep 

No. 

Virulent  Culture  per  Os. 

Virus 

Intramuscularly. 

Result. 

19918 

200  c.c*,  400  e.c.,  600  c.c.,  600  c.c.,  600  c.c. 

2 c.c. 

Lived. 

20399 

„ M 

3 » 

»* 

20780 

20700 

10  e.c.,  10  c.c.,  10  c.c.,  10  O.C.,  10  c.c. 
200  c.c. 

1 • 5 „ 

Died,  B.Q. 

20742 

200  c.c. 

1 • 5 „ 

” 

21173 

21181 

Control 

1 

1 c.c. 
1-6  ., 

Died,  B.Q. 

IMMUNIZATION  AGAINST  ANAEROBES. 


As  the  bacilli  apparently  do  not  pass  through  the  intact  mucous 
membrane,  the  culture  fluids  containing  the  aggressin  must  have  been 
absorbed  through  the  intestinal  wall  and  immunity  produced  in  this 
manner.  The  two  sheep  which  had  received  only  one  dose  each  per  os 
both  died,  apparently  not  enough  aggressin  being  absorbed  at  one  dose 
to  produce  immunity. 

A parallel  experiment  in  which  the  sheep  received  only  the 
germ-free  filtrate  was  carried  out  at  the  same  time. 


EXPERIMENT  No.  42. 


Sheep  No. 

Germ-free  Filtrate  per  Os. 

Virus. 

Result. 

1988(i 

200  c.c.,  400  c.c.,  000  c.c.,  000  c.c.,  000  c.c. 

2 c.c. 

Lived. 

19892 

3 

19903 

10  c.c.,  10  c.c.,  10  c.c.,  10  c.c.,  10  c.c. 

2 

19893 

200  c.c. 

1*5  „ 

,, 

19902 

200  „ 

1-5  „ 

” 

21 173 

Control 

1 c.c. 

Died,  B.Q. 

21181 

1-5  „ 

” 

In  this  experiment  all  the  sheep  were  immunized  by  the  absorp- 
tion of  aggressin  through  the  intestinal  wall,  one  large  dose  and 
small  repeated  doses  being  sufficient  to  establish  a good  immunity. 

The  only  evidence  of  a pathogenic  anaerobe  passing  through  the 
intestinal  wall  is  that  of  Turner  (1927),  who  isolated  a strain  of 
B.  oedematiens  from  the  livers  of  sheep  in  Australia  heavily  infected 
with  liver  fluke.  They  attributed  the  cause  to  the  penetration  of 
the  intestinal  wall  by  the  cercariae,  the  bacilli  reaching  the  liver  in 
this  way  and  multiplying  in  the  liver  medium.  Carrying  out  an  experi- 
ment on  similar  lines,  Sheep  Nos.  19227,  19233,  were  dosed  with 
approximately  20,000  and  30,000  larvae  of  Haemonchus  contortus 
(wireworm)  and  18  days  later  drenched  with  virulent  black-quarter 
culture.  No  results  were  obtained. 

Two  sheep  received  small  repeated  doses  of  sodium  fluoride  per 
os.  Marked  irritation  of  the  mucous  membrane  must  have  been 
present,  as  on  the  third  day  diarrhoea  was  noticed.  The  sheep  were 
then  drenched  with  500  c.e  . virulent  black-quarter  culture  without 
any  infection  occurring. 

Two  calves,  Nos.  2781,  2820,  received  daily  500  c.c.  of  virulent 
culture  in  their  drinking  water  and  500  c.c.  mixed  with  their  food 
for  two  months.  From  the  two  preceding  experiments  described  in 
sheep  (experiments  Nos.  41  and  42),  it  is  evident  that  the  amount  of 
aggressin  present  in  the  virulent  culture  was  absorbed  through  the 
mucous  membrane  of  the  intestinal  tract  and  that  the  calves  were 
soon  immunized  in  this  way. 

As  it  is  usually  the  heavier  and  thicker  muscle  groups  in  which 
the  lesions  of  black-quarter  are  found,  namely,  along  the  shoulder 
and  over  the  buttocks,  these  must  be  regarded  as  the  predilection 
sites,  and  if  the  bacilli  or  spores  gain  entrance  either  through  the 
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mucous  membrane  or  skin  they  usually  find  their  way  to  these  sites. 
To  try  and  produce  this  condition  experimentally,  Calf  No.  2791  was 
injected  intramuscularly  with  15  c.c.  turpentine  in  the  gluteal 
muscles.  Three  days  later,  when  a large  swelling  was  present  over 
the  injected  region,  20  c.c.  of  virulent  culture  was  injected  intra- 
venously and  five  days  later  again  40  c.c.  of  virulent  culture  intra- 
venously without  any  infection  being  produced. 

(x.  Sobernheim  and  Murakami  (1928)  tried  to  infect  guinea-pigs 
by  drenching  them  repeatedly  with  virulent  culture  and 
simultaneously  bruising  the  muscles  of  t lie  legs.  Out  of  33  guinea- 
pigs  treated  in  this  way,  one  died  from  black-quarter.  It  is  obvious, 
however,  that  no  infection  can  result  in  this  way  if  the  mucous 
membrane  of  the  intestinal  wall  remains  intact. 

If  washed  bacilli  and  spores  be  injected  alone  into  the  thigh  of 
a guinea-pig  or  sheep,  nothing  happens.  If,  however,  a small  amount 
of  aggressin  be  injected  simultaneously  with  the  washed  bacilli  and 
spores,  black-quarter  infection  occurs.  As  former  experiments  had 
shown  that  aggressin  was  absorbed  through  the  intestinal  tract,  an 
experiment  was  carried  out  to  determine  whether  black-quarter  could 
be  produced  by  giving  aggressin  per  os  and  injecting  washed  culture 
subcutaneously.  Sheep  No.  13951  received  100  c.c.  filtrate  per  os 
and  20  c.c.  washed  culture  subcutaneously.  Sheep  No.  13983  received 
1,000  c.c.  filtrate  per  os  and  100  c.c.  washed  culture  subcutaneously. 
No  infection  could  be  produced  in  this  way,  which  may  he  explained 
by  the  fact  that  the  rate  of  absorption  of  the  aggressin  was  too  slow 
and  that  the  concentration  of  aggressin  by  the  time  it  reached  the 
bacilli  too  low  to  cause  the  washed  bacilli  to  become  aggressive. 

Experimentally  therefore  black-quarter  could  not  be  produced 
except  by  direct  inoculation  through  the  skin  with  virulent  culture. 

SUMMARY  AND  CONCLUSIONS. 

With  the  use  of  formaldehyde,  a simple,  short,  and  efficient 
method  of  preparing  black-quarter  vaccine  on  a large  scale  is 
described. 

Extensive  tests  carried  out  in  sheep  showed  the  stability  and 
marked  immunizing  value  of  the  vaccine. 

Eormalinized  vaccine  is  more  efficient  than  filtrate. 

Immunization  with  the  use  of  formalinized  vaccine  is  due  to  two 
distinct  factors:  (1)  the  aggressin  present  in  the  fluid,  i.e.  fin1 

exo-products,  (2)  the  sterile  bacilli,  i.e.  flic  endo-produets. 

Different  media  used  in  the  preparation  of  the  vaccine  have  little 
or  no  effect  on  the  resultant  immunity. 

There  was  no  decrease  in  value  of  the  vaccine  after  storage  for 
six  months  in  the  light  at  ordinary  room  temperature. 

Prolonged  action  of  .4  per  cent,  formaldehyde  on  black-quarter 
filtrate  at  room  temperature  for  five  months  had  no  effect  on  the 
immunizing  value  of  the  filtrate. 

A rapid  and  efficient  method  of  preparing'  black-quarter  natural 
aggressin  containing  sterile  bacilli  is  described. 
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A short  and  efficient  method  of  preparing  vibrion  septique 
vaccine  on  a large  scale  is  described  similar  to  that  of  black-quarter. 

A single  inoculation  of  2 c.c.  bivalent  black-quarter — vibrion 
septique  formalinized  vaccine  confers  immunity  against  both  diseases 
and  is  of  practical  importance  in  South  Africa. 

With  the  use  of  B.  welchii  formalinized  vaccine  two  or  more 
inoculations  are  necessary  to  produce  a good  immunity. 

All  attempts  to  find  the  natural  mode  of  infection  in  black- 
quarter  failed  except  by  direct  entry  of  the  organisms  through  the 
skin. 
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A Note  on  Investigations  into  the  Distribution 
of  the  Lamsiekte  Organism 

(Cl.  parabotulinum  C type). 


By  J.  R.  SCHEIBER,  Dr. Med. Vet.,  Researcli  Officer, 
Onderstepoort. 


The  presence  of  an  organism  of  the  Parabotulinus-type  as  the  cause 
of  Lamsiekte  has  already  been  demonstrated  in  carcase  material  and 
in  fly  larvae  collected  from  decomposing  carcases.  This  organism 
has  been  described  by  Robinson  (1927).  The  tests  described  here  were 
undertaken  at  the  Lamsiekte  Experimental  Station,  “ Armoedsvlak- 
te,”  Vryburg,  C.P.,  chiefly  in  order  to  obtain  some  further  informa- 
tion about  the  distribution  of  the  organism  producing  Lamsiekte. 

Taking  as  a parallel  the  wide  distribution  of  the  Botulinus  A and 
B types  in  the  soil  of  many  countries,  it  was  thought  that  experiments 
should  be  undertaken  to  see  what  the  distribution  of  the  Lamsiekte 
type  of  Botulinus  organism  was  in  the  soil  of  a typical  Lamsiekte 
farm  such  as  Armoedsvlakte.  Experiments  were  further  devised  to 
determine  the  distribution  in  living  animals,  carcase  material,  etc. 

Technique  Employed. 

As  a rule,  no  actual  isolation  of  the  organism  was  attempted. 
The  deciding  factor  was  whether  a culture  made  from  the  test 
material  was  able  to  produce  Lamsiekte  in  guinea-pigs  or  not.  For 
cultural  work  chopped  meat  medium  [of  Robertson  according  to 
Holman  (1919)]  was  employed  throughout  the  experiments.  The 
doses  were  2 to  3 c.c.  of  culture,  given  per  os. 

The  results  so  obtained  were  on  several  occasions  controlled  by 
injecting  subcutaneously  into  guinea-pigs  sterile  filtrates  of  positive 
cultures,  and  such  filtrates  also  produced  Lamsiekte  in  every  case 
where  this  test  was  made. 

Four  toxic  cultures  were  sent  to  Onderstepoort  for  bacteriological 
investigation.  Of  these,  the  toxins  of  two  proved  to  be  identical  with 
that  of  67.  parabotulinum  lion's  isolated  from  Armoedsvlakte  carcase 
material,  as  shown  by  toxin  antitoxin  tests.  The  other  two,  though 
typically  toxic,  were  apparently  of  another  variety  of  the  botulinus 
organism. 

Investigations  have  led  to  the  idea  that  there  are  probably 
several  types  of  the  botulinus  organism  at  Armoedsvlakte  and  this 
is  the  subject  of  experimental  work  now  being  carried  on  here. 


DISTRIBUTION  OF  LAMSIEKTE  ORGANISM. 

To  obtain  an  indication  of  the  reliability  of  the  technique 
followed  two  samples  of  fly  larvae,  one  of  meat,  and  two  of  Ion 
bones,  all  collected  from  decomposing  carcases,  were  tested  and  gav 
positive  results. 

Tests  were  then  made  of  material  such  as  soil,  carcase  material, 
faeces  of  living  animals,  etc.,  and  these  will  now  be  discussed. 

1.  Tests  with  Soil. 

These  tests,  it  was  hoped,  would  give  some  indication  as  to  how 
far  the  soil  would  become  infected  from  carcases  and  vice  versa, 
and  wliat  the  possibilities  were  of  the  carcases  being  invaded  from 
the  soil.  Further,  it  was  thought  that,  if  the  Lamsiekte  organism 
generally  occurred  in  the  soil  of  infected  farms,  as  had  to  be  expected, 
it  might  be  possible  actually  to  demonstrate  its  presence  in  the  soil. 

The  first  samples  of  soil  were  taken  in  the  carcase-camp  of 
Armoedsvlakte,  a small  enclosure  where  all  dead  animals  were 
deposited.  The  quantity  of  soil  tested  in  each  case  was  about  5 c.c. 

The  first  test,  made  with  soil  collected  directly  underneath  a 
decomposing  carcase,  was  positive.  A sample  taken  one  foot  away 
from  such  a carcase  also  produced  Lamsiekte,  but  a second  sample 
taken  in  the  same  spot  12  days  later  failed  to  do  so.  A further  sample 
collected  one  foot  away  from  the  nearest  carcase  was  negative,  and 
a sample  of  soil  taken  at  a distance  of  10  yards  from  the  nearest 
carcase  also  failed  to  produce  the  disease.  All  these  samples  were 
taken  at  a depth  of  1 to  1 inch  below  the  surface. 

From  the  various  grazing  camps  of  Armoedsvlakte  altogether 
one  hundred  and  one  samples  of  soil  were  examined.  Forty-three  of 
them  were  taken  at  a depth  of  \ to  1 inch  and  fifty-eight  at  a depth 
of  3 to  4 inches;  all  these  samples  gave  negative  results.  Two 
samples  of  soil  collected  at  the  dosing-crush  and  three  samples  of 
wind-blown  dust  also  failed  to  give  toxic  cultures. 

2.  'Tests  with  Material  Collected  at  Post-viortem  E.ra  mi  nations. 

With  very  few  exceptions  material  from  every  animal  that  died 
on  Armoedsvlakte  was  taken  at  the  time  the  post-mortem  examina- 
tion was  held,  and  was  tested  in  the  same  way,  but  the  inoculum  in 
these  cases  amounted  to  about  10  c.c. 

The  total  number  of  animals  so  examined  was  85,  including  one 
donkey,  dead  of  arsenical  poisoning,  which  gave  a negative  result 
and  will  not  be  taken  into  consideration.  The  remaining  animals 
were  all  cattle.'  The  specimens  were  chiefly  taken  from  the  digestive 
tract,  namely,  contents  of  the  rumen  in  78,  of  other  stomachs  in  18, 
of  the  colon  in  77,  and  of  other  parts  of  the  intestines  in  33  cases. 
Usually  there  was  no  difference  in  the  results  obtained  from  material 
taken  from  different  parts  of  the  gastro-i ntest i nal  system  of  the  same 
animal,  but  where  such  differences  occurred  they  will  be  mentioned. 

(a)  In  26  out  of  these  84  cattle,  Lamsiekte  had  been  diagnosed 
as  the  cause  of  death,  and  in  11  cases  all  samples  taken  from  the 
alimentary  tract  gave  positive  results.  In  one  instance  the  liver  was 
tested  as  well  and  gave  the  same  results  as  the  other  four  samples, 
taken  from  various  parts  of  the  gastro-intestinal  tract,  but  the 
spleen  from  another  such  animal  was  negative. 
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Three  animals  gave  toxic  cultures  only  in  one  out  of  two  tests, 
in  two  instances  the  contents  of  (lie  colon  being1  positive  and  those 
of  (lie  rumen  negative,  whilst  in  the  third  ease  the  ruminal  contents 
gave  a toxic  culture  and  those  of'  the  colon  failed  to  do  so. 

In  the  remaining  12  animals  no  toxin-producing  organism  could 
he  demonstrated  by  this  method. 

(o)  In  another  12  cattle  the  post-mortem  appearance  was  such 
that  Lamsiekte  could  not  entirely  he  excluded. 

For  seven  of  these  animals  enteritis  or  gastro-enteritis  was 
recorded  as  the  cause  of  death  because  the  inflammatory  changes  in 
the  digestive  tract  were  fairly  marked  and  there  were  not  sufficient 
data  to  warrant  the  diagnosis  “ Lamsiekte.  ’ Three  of  these  animals 
gave  positive  cultures,  both  from  the  contents  of  rumen  and  colon. 
In  the  fourth  one,  only  the  ruminal  contents  gave  a toxic  culture, 
those  of  the  colon  were  negative.  The  cultures  from  the  other  three 
animals  failed  to  produce  Lamsiekte. 

In  five  cases  vegetable  poisoning1  was  suspected  as  the  cause  ot 
death,  and  those  cattle  were  all  negative. 

(c)  The  remaining  4(i  cattle  had  died  of  causes  distinctly 
different  from  Lamsiekte  and  in  44  of  them  no  indication  of  tins 
disease  could  lie  found  by  means  of  cultural  tests  either.  In  one 
case,  however,  the  contents  of  the  rumen  as  well  as  those  of  the 
colon  were  found  to  give  toxic  cultures.  (This  was  a calf,  dead  ot 
Jilack-Quarter,  and  the  post-mortem  examination  was  made  about  24 
hours  after  death.)  From  another  calf  (lllack-Ouarter,  interim  about 
six  hours)  the  contents  of  the  rumen  gave  a positive  result,  those  ot 
the  colon  were  negative.  Jn  a third  case  (if laek-( Quarter,  interim 
about  4b  hours)  the  contents  of  the  colon  produced  Lamsiekte,  whilst 
those  of  the  rumen  failed  to  do  so.  These  positive  cultures  were 
filtered  and  the  sterile  filtrate  also  produced  Lamsiekte  in  guinea- 

4.  Tests  inlh  Faeces  from  larniij  Animals. 

The  positive  results  obtained  in  testing1  material  I rom  the 
digestive  tract,  collected  at  post-mortem  examinations,  supported  the 
view  that  the  presence  of  a toxogenie  organism  would  he  demons!  lated 
in  the  alimentary  tract  of  living  animals  as  well.  faeces  were 
collected  from  the  rectum  of  !)2  apparently  healths  cattle  and  tested 
i n qua  ill  it  ies  of  about  10  c.c. 

Fifty  of  these  animals  had  been  dosed  with  sterilized  bone  meal 
regularly  and  in  48  of  them  no  toxic  organism  could  be  traced. 
Two,  however,  gave  positive  results. 

The  remaining  42  cattle  were  control-animals,  not  receiving  an\ 
bonemeal  at  all  and  therefore  liable  to  die  from  Lamsiekte  sooner  oi 
later.  Of  this  lot  five  gave  toxic  cultures  and  in  one  case  the  result 
was  doubtful.  (Twice  in  succession  one  out  ol  two  guinea-pigs  dosed 
died,  in  one  case  five,  in  the  other  one  seven  days  alter  dosing  and 
nothing  could  he  found  to  account  for  death.) 

4.  Tests  mill  ( I ii  I n en- /// <)  < a reuses . 

Oil i noa-pig1  carcases  were  skinned  and  kept  under  various  condi 
t ions.  Such  carcases  were  also  liable  to  develop  toxicity,  even  where 
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every  outside  infection  was  excluded  : Three  out  of  nine  carcases  kept 
air-tight  in  sterile  fruit-jars  gave  toxic  cultures. 

Summary. 

1.  Soil  was  found  to  he  infected  with  toxin-producing  organisms 
underneath  and  very  near  decomposing  carcases,  but  from  over  a 
hundred  soil  samples  collected  in  various  parts  of  “ Armoedsvlakte  ” 
negative  results  were  obtained. 

2.  More  than  half  of  the  26  animals  which  had  died  of  Lam- 
siekte  gave  toxic  cultures  from  the  contents  of  the  gastro-intestinal 
tract,  whilst  in  cattle  where  death  was  due  to  causes  other  than 
Lamsiekte  positive  results  were  only  obtained  in  three  cases  out  of 
47. 

In  some  of  these  cases  the  contents  of  one  part  of  the  digestive 
system  gave  a positive  result,  whilst  in  those  of  another  part  the 
toxogenic  organism  was  not  traced.  The  liver  tested  in  a positive  and 
a negative  case  gave  the  same  results  as  the  contents  of  the  alimentary 
tract,  hut  the  spleen  of  an  animal  where  all  samples  from  the  digestive 
system  were  positive  failed  to  give  toxic  cultures. 

3.  The  contents  of  the  rectum  of  92  healthy  animals  gave  toxic 
cultures  in  seven  instances.  The  proportion  of  positive  results  was 
much  lower  in  animals  dosed  with  bonemeal  (2  out  of  50)  than  in 
control  cattle  (5  out  of  42).  This  is  merely  an  indication  and  would 
tend  to  show  that  bonemeal-f'ed  animals  do  not  ingest  carcase  material 
to  the  same  extent  as  control  ones. 

4.  Three  decomposed  guinea-pig  carcases,  where  all  infection 
from  the  outside  had  been  excluded,  also  gave  toxic  cultures. 

Conclusions. 

As  well  as  in  decomposed  hones  and  meat  and  in  fly  larvae,  a 
toxin-producing  anaerobe  has  been  demonstrated : 

(а)  In  soil  underneath  or  near  to  decomposing  carcases. 

(б)  In  the  digestive  system  of  cattle,  dead  of  Lamsiekte  and 
from  other  causes. 

(c)  In  the  intestinal  contents  (rectum)  of  healthy  cattle. 

(d)  In  guinea-pigs. 
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A More  Refined  Method  of  Bleeding  Birds  to 
obtain  Serum  for  the  Agglutination  Test 
for  Bacillary  White  Diarrhoea. 


By  R.  A.  ALEXANDER,  B.Sc.A.,  B.Y.Sc.  (8. A.),  Research  Officer, 

Onderstepoort. 


Since  it  lias  become  apparent  that  the  control  of  Bacillary  White 
Diarrhoea  is  likely  to  become  a matter  of  primary  importance  to 
the  poultry  industry  in  South  Africa  in  the  immediate  future,  and 
since  detection  of  chronic  carriers  of  B.  puUorurn  by  the  agglutina- 
tion test  is  at  present  the  most  powerful  weapon  in  the  hands  of  the 
veterinarian  entrusted  with  the  work,  it  was  deemed  necessary  to 
develop  a technique  whereby  adequate  samples  of  serum  could  be 
collected  in  the  field  for  testing  purposes. 

Several  methods  of  collecting  blood  samples,  as  described  in  the 
literature,  were  tried,  but  for  various  reasons  were  considered  unsatis- 
factory, namely:  — 

1.  Puncturing  or  severing  the  wing  vein,  Yena  brachialis,  by 
means  of  a knife  or  lancet  and  collecting  the  blood 
in  a bottle  as  described  by  Beaudette  (1924).  With  this  method 
it  was  found  that,  when  a large  number  of  birds  had  to  be  bled,  the 
hands  of  the  operator  very  soon  became  soiled  with  coagulated  blood, 
to  which  dust,  dirt,  and  feathers  adhered,  to  form  a tangled  mass 
which  was  most  unpleasant  and  seriously  decreased  the  speed  of  the 
operation.  The  blood  ran  down  the  outer  surface  of  the  bottle,  ver\ 
effectively  obliterating  any  distinguishing  marks  or  numbers,  and  al 
the  conclusion  of  the  bleeding  the  array  of  sample  bottles  presented  a 
most  unsightly  appearance.  In  addition,  difficulty  was  experienced  in 
cutting  the  vein  in  such  a way  as  to  cause  a flow  of  blood  strong 
enough  to  fill  the  bottle  rapidly  and  at  the  same  time  to  produce  only 
slight  secondary  haemorrhage,  so  that,  if  a flock  of  birds  with  unpig- 
mented  plumage  was  being  handled,  the  continued  haemorrhage 
speedily  caused  so  bloodstained  an  appearance  as  to  give  rise  to 
considerable  anxiety  on  the  part  of  the  owner. 

2.  Bleeding  direct  into  a bottle  by  means  of  a syringe  needle. 
The  lumen  of  the  wing  vein,  however,  is  so  small  that  a very  fine 
needle  must  be  used,  which  considerably  retards  tin*  rate  of  flow  of 
the  blood.  Moreover,  it  is  essential  that  needles  lie  thoroughly 
washed  before  use  on  each  bird,  and  this  necessitates  either  main- 
taining a large  supply  or  wasting  much  time  in  cleaning. 

In  the  light  of  the  above,  steps  were  taken  to  develop  a method 
which  could  be  carried  out  easily,  which  did  not  unduly  harm  or 
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disfigure  the  birds  and  which  would  result  in  obtaining  adequate 
samples  of  blood  if  necessary  to  be  despatched  by  rail  or  post  to  a 
laboratory  for  testing  purposes.  Eventually  the  following  was 
evolved  and  has  been  used  with  considerable  success. 

Equipment. — 

1 . Sterile  drawn  glass  pipettes  (with  blank  label  attached)  of 
the  nature  commonly  used  for  bacteriological  work,  i.e.  glass  tubing 
drawn  out  to  a fine  point  at  one  end  and  having  a constriction  about 
2 cm.  from  the  other.  Those  which  have  given  the  best  results 
were  drawn  from  tubing  with  a 5 mm.  bore  so  that  the  bulb  of  the 
pipette  was  10  cm.  long. 

2.  Sharp  puncturing  needle  with  a Hat  triangular  point,  i.e.  a 
surgical  lancet,  though  an  ordinary  large  darning-needle  has  been 
used  with  good  results. 

3.  A bottle  of  methylated  spirits  or  alcohol. 

4.  A few  small  pledgets  of  absorbent  cotton  wool. 

5.  A block  of  paraffin  wax  of  a hardness  approximating  cheese. 
This  consistence  was  obtained  by  fusing  approximately  equal  parts 
of  paraffin  wax  and  vaseline,  the  actual  amounts  varying  with  the 
natural  hardness  of  the  wax  and  the  prevailing  mean  temperature. 

6.  A plumber’s  petrol  blowlamp. 

Personnel. — 

1.  The  operator. 

2.  An  assistant  to  hold  the  bird  while  being  bled. 

3.  At  least  one  assistant  to  catch  the  birds. 

Preparatory  Treatment . — 

It  is  undesirable  to  chase  birds  about  vigorously  to  catch  them. 
Before  the  commencement  of  bleeding  all  birds  should  be  shut  up. 
in  crates  or  confined  in  the  poultry-house.  To  prevent  the  formation 
of  a cloudy  serum  it  is  advisable  not  to  bleed  immediately  after  the 
birds  have  been  fed.  In  practice  it  has  been  found  sufficient  to 
remove  the  mash-hoppers  at  noon  the  day  before  bleeding  and  to  give 
no  food  until  after  the  operation  next  morning.  Water  may  be 
allowed  ad  lib. 

The  Operation. — 

Blood  is  drawn  from  the  Vena  brachialis,  which  is  formed  by  the 
union  of  the  Vena  ulnaris  and  Vena  radialis  and  passes  over  the 
medial  surface  of  the  humeral  joint.  It  is  easily  to  be  seen  situated 
immediately  beneath  the  skin  on  the  ventral  surface  of  the 
extended  wing.  Instruct  the  assistant  to  hold  the  bird 
in  the  dorsal  recumbent  position  with  the  left  wing  pressed 
firmly  against  his  chest  at  a height  convenient  to  the  operator,  the  tail 
and  legs  controlled  by  the  left  hand  and  the  head  and  neck  tucked 
beneath  the  right  arm.  Extend  the  right  wing,  pluck  the  few 
feathers  on  its  ventral  surface  in  the  region  of  the  humeral  joint 
and  swab  this  region  with  a pledget  of  cotton  wool  soaked  in  alcohol 
to  remove  any  dust  or  flakes  of  skin  and  also  partially  to  sterilize 
the  areas.  While  this  is  drying  place  between  the  lips  and  grip 
with  I lie  teeth  one  of  the  glass  pipettes  after  breaking  off  the  sealed 
end.  Grasp  the  humerous  between  the  thumb  and  forefingers  of  the 
left  hand  and  pass  a few  of  the  terminal  wing  flight  feathers  round 
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your  left  wrist  so  that  they  press  against  the  outer  surface  of  your 
forearm  in  an  oblique  direction  from  below  upwards  and  outwards, 
thus  maintaining  the  wing  in  an  extended  position.  Place  the  thumb 
of  the  left  hand  on  the  brachial  vein  close  to  the  shoulder  joint  and 
compress  it  by  pressure  directed  against  the  forefinger  placed  below 
the  humerus.  The  vein  immediately  becomes  distended  with  blood, 
and  either  it  or  one  of  its  tributaries  may  be  punctured  at  a point 
close  to  the  humeral  joint.  Blood  runs  from  the  wound  and  forms 
a pool  in  the  depression  on  the  surface  of  the  fold  of  skin  which 
fills  the  angle  between  the  arm  and  forearm  of  the  bird.  Before 
any  coagulation  occurs  suck  up  into  the  pipette  sufficient  blood  to 
form  a column  about  7 cm.  in  length  in  the  bulb.  Then  to  prevent 
file  escape  of  the  blood  temporarily  seal  off  the  end  of  the  pipette 
by  pushing  it  into  the  mould  of  paraffin  wax,  thus  inserting  a plug 
which  will  effectively  block  up  the  lumen.  Stand  the  filled  pipette 
sealed  end  downwards  in  any  suitable  container  to  allow  the  blood 
to  coagulate.  When  coagulation  is  complete,  pipettes  may  be  sealed 
off  at  the  drawn-out  end  and  at  the  upper  constriction,  using  the 
plumber’s  blow-lamp  for  the  purpose.  The  phials  of  blood  can  easily 
be  packed  between  layers  of  cotton  wool  or  fluted  cardboard  for 
transport  without  fear  of  breakage. 

Within  12  hours  the  clot  has  usually  contracted  to  extrude  the 
serum,  which  may  he  drained  to  the  unfilled  portion  of  the  phial. 

The  birds  may  be  numbered  by  marking  with  a copying 
(indelible)  pencil  on  the  unfeathered  portion  of  skin  immediately 
adjacent  to  the  shoulder  joint.  These  numbers  will  remain  clearly 
legible  for  a period  of  10-14  days  even  during  rainy  weather. 

Precautions. — 

1.  When  puncturing  the  vein  hold  the  needle  in  a position  verti- 
cal to  the  long  axis  of  the  vein.  If  the  puncture  is  made  in  an 
oblique  direction,  the  skin  moves  slightly  when  pressure  is  applied, 
so  that  on  withdrawing  the  needle  a flap  of  skin  remains  to  form 
a valve  which  prevents  the  free  flow  of  blood  and  a large  haematoma 
is  formed. 

2.  Control  haemorrhage  by  applying  pressure  to  the  point  of 
puncture  with  the  finger  for,  say,  half  a minute.  In  practice  it  is 
found  that  this  is  seldom  or  never  necessary  since  the  flow  of  blood 
ceases  immediately  the  wing  returns  to  its  normal  position. 

3.  When  sucking  up  the  blood  take  care  that  a continuous 
column  unbroken  by  air-bubbles  is  obtained. 

lie  /na  rks . — 

When  the  above  method  of  obtaining  samples  of  blood  was  first 
employed  it  was  found  that  in  approximately  S per  cent,  of  cases  (In' 
bloodclot  failed  to  contract  and  no  serum  was  extruded.  Subsequent 
investigation  showed  that  this  was  due  to  one  or  more  of  (lie  following 
reasons : — 

1.  Glass  tubing  of  too  fine  a bore  being  used.  The  reason  why 
this  should  affect  contraction  is  not  quite  clear,  but  it  probably 
stands  in  some  relation  to  the  ratio  of  the  volume  of  the  (dot  to  I lie 
surface  causing  adhesion  to  the  glass. 

2.  Inner  surface  of  the  glass  pipette  being  freed  of  all  dust  and 
covered  with  a thin  film  of  oil,  thus  materially  interfering  with  (lie 
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process  of  coagulation.  In  the  later  work  the  glass  tubing  was  not 
washed  before  drawing  out  the  pipette  and  autoclaving,  thus  there 
remained  behind  a very  fine  layer  of  sterile  dust. 

3.  Too  rapid  cooling  of  the  blood  sample.  It  was  a constant 
observation  that  when  bleeding  was  carried  out  on  a cold  winter’s  day 
a large  percentage  of  the  clots  failed  to  contract.  On  such  days, 
however,  when  the  samples  were  transferred  to  an  incubator  at  37° 
immediately  after  being  drawn,  contraction  was  not  interrupted. 
Under  field  conditions  the  samples  were  either  placed  in  an  ordinary 
egg  incubator  or  as  an  alternative  measure  were  placed  on  a shelf 
in  the  kitchen  of  the  farm-house. 

As  a general  rule,  cocks  and  two-year-old  or  older  birds  are 
more  difficult  to  bleed  owing  to  the  thicker  skin  forming  a valve  on 
puncturing  which  prevents  the  free  flow  of  blood. 

At  the  end  of  about  12  hours  the  blood  has  coagulated  and  the 
clots  have  contracted  to  extrude  the  serum,  which  is  made  available 
for  the  agglutination  test  by  breaking  oft'  both  ends  of  the  phial 
and  blowing  out  the  liquid  contents  on  to  a watch  glass. 

It  is  not  claimed  that  the  method  is  aseptic  but  with  reasonable 
care  samples  have  remained  in  almost  perfect  condition  with  only 
slight  haemolysis  for  a period  of  14  days. 

Conclusions  . 

By  the  method  described  samples  of  blood  to  provide  more  than 
sufficient  serum  for  the  agglutination  test  (Huddleson  and  Carlson, 
1926;  Runnels,  Coom,  Farley,  and  Thorp,  1927)  (rapid  method)  are 
easily,  quickly,  and  cleanly  obtained  from  poultry  in  a manner 
commensurate  with  the  dignity  of  a professional  veterinarian.  The 
birds  are  not  affected  more  than  they  would  lie  by  simple  handling, 
and  after  the  operation  the  plumage  of  even  a flock  of  White  Leghorns 
shows  little  or  no  sign  of  being  soiled  with  blood.  Moreover,  the 
phials  of  blood  may  be  packed  for  dispatch  by  rail  or  post  without 
fear  of  breakage.  One  criticism  may  lie  levelled  against  the  method, 
namely,  that  it  is  somewhat  costly,  in  that  a comparatively  large 
amount  of  glass-tubing  is  used  in  drawing  pipettes  which  can  only 
be  used  once.  This  cost,  however,  is  not  as  great  as  would  appear  to 
be  the  case  ar  first  sight  when  consideration  is  given  to  the  initial 
cost  of  bottles  and  the  replacing  of  corks  of  other  methods. 

When  first  employing  this  technique  the  operator  is  apt  to  feel 
somewhat  awkward  and  the  method  may  appear  complicated,  but  with 
even  a little  practice  it  is  possible  to  bleed  30  birds  an  hour  with 
comparative  ease.  Thus  when  used  in  conjunction  with  the  rapid 
method  of  agglutination  it  is  possible  to  bleed  and  test  250-300 
birds  in  two  days. 
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Fig.  1. 

Necessary  equipment. 


Fig.  2. 

Technique  of  control  and  bleeding. 
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GENERAL  INTRODUCTION. 


Well  has  it  been  said  by  Savage  and  White  (1925),  in  their  excellent 
paper  on  the  Salmonella  group,  that  “ the  typing  of  each  strain  is  in 
itself  a little  research,  demanding  careful  attention  and,  often,  un- 
stinted patience.” 

Since  Salmon  and  Smith  encountered  S.  suipestifer,  the  first 
member  of  this  interesting  group  to  be  studied,  the  identification  and 
interclassification  of  closely  allied  species  of  the  genus  have  been 
problems  to  many  a bacteriologist. 

In  exploring  the  bacteriology  of  this  group  for  the  first  time  in 
South  Africa,  the  writer  has  availed  himself  of  the  newer  knowledge  of 
the  day,  contributed  especially  by  such  investigators  as  Jordan  (1925), 
Savage  and  White  (1925). 

Prior  to  1928,  it  was  not  known  whether  the  organisms  of  the 
Salmonella  group  played  any  part  in  the  causation  of  disease  among 
domesticated  animals  in  the  Union  of  South  Afi  ica.  Since  that  year 
the  writer  has  been  interested  in  diseases  caused  by  t lie  bacteria  of  the 
genus  Salmonella,  and  to-day  it  can  be  stated  safely  that  they  are  a 
potential  factor  in  the  production  of  mortality  in  calves,  young  and 
adult  poultry,  canaries  in  commercial  aviaries,  and  occasionally  as 
secondary  invaders  in  equities  during  horsesickness  immunization. 

In  presenting  this  article  it  is  intended  to  record  the  presence  of 
several  diseases  in  domesticated  animals,  poultry,  and  canaries  due  to 
organisms  of  t lie  Salmonella  group,  and,  in  addition,  to  record  the 
presence  of  the  following  species 

Disease.  Species. 


Cali  Paratyphoid. 
Tendo-vaginitis  in  Horses. 
Bacillary  White  Diarrhoea  of 
Ch  ickens. 

Fowl  Typhoid. 

Canary  Paratyphoid. 


S.  enteritidis  and  S.  aerlrycke. 
S.  abort i eo-eq  u / n us. 

S.  pvllorum. 

S.  gal  linaruni . 

S.  acrt r ycke. 


* In  preparing  for  publication  a number  of  minor  changes  have  been  made; 
illustrations  and  bibliography  have  been  slightly  changed  and  text  reduced. 
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CALF  PARATYPHOID. 

Calf  diseases  produced  by  paracolon  bacilli  were  apparently  first 
demonstrated  by  Thomassen  (1898),  and  described  under  the  term 
“ Bakteraemia.”  Subsequently  Poels  (1899)  described  a disease  of 
calves  in  Holland  due  to  pseudo-colon  bacilli.  Later  Jensen  (1913) 
described  diseases  of  calves  as  well  as  young  cattle  under  the  designa- 
tion of  Colibacillosis.  Christiansen  (1915)  gave  his  experience  at  the 
Veterinary  School  at  Copenhagen  in  connection  with  septicaemic  coli- 
bacillosis of  calves.  He  pointed  out  that  the  terms  pseudocolou  bacilli 
and  paracolon  bacilli,  coined  by  Poels  and  Jensen  respectively,  are 
synonymous,  and  that  the  term  paracolon  bacilli  is  often  used  in 
Herman  literature  as  identical  with  the  Gartner  bacillus.  In  compar- 
ing his  paracolon  strains  isolated  from  calves  with  the  Gartner  labora- 
tory strains,  he  could  not  establish  any  differences  between  them. 

Meyer,  Traum,  and  Roadhouse  (1916)  described  an  outbreak  of 
infectious  diarrhoea  of  hand-fed  calves  in  California  due  to  B. 
enter  it  id  is. 

Karsten  (1921)  incriminated  B.  enteritidis  as  the  chief  cause  of 
calf  paratyphoid. 

Viljoen  and  Martinaglia,  who  first  investigated  this  calf  disease 
in  the  western  Transvaal  in  1923,  have  published  preliminary  com- 
munications (1926-1928).  The  writer  has  since  then,  when  oppor- 
tunity offered,  continued  his  observations.  Originally  it  was  estab- 
lished that  organisms  of  the  Salmonella  group  played  an  important 
role,  both  as  primary  and  secondary  invaders.  The  main  species 
responsible  was  <8.  enteritidis  (B . enteritidis) , but  S.  aertrijcke  was  also 
identified  in  one  outbreak. 

Daubney  (1927)  reported  a paratyphoid  infection  of'  calves  in 
Kenya,  due  to  organisms  of  the  S.  enteritidis  type. 

A report  on  calf  typhoid  has  appeared  in  the  13th  and  14th 
Reports  of  the  Director  of  Veterinary  Education  and  Research,  in 
which  the  following  aspects  Avere  discussed  by  Viljoen  and  the  rvriter 
(1928)  : — 

Locality,  climatic  conditions,  farming  conditions,  enzootic 
diseases,  animals  affected,  symptomatology,  post-mortem  appearances, 
microscopic  lesions,  history  of  strain  studied,  bacteriology,  serological 
differences,  pathogenicity,  immunity,  summary  and  conclusions. 

In  this  communication  the  writer  rvishes  to  add  a ferv  more 
observations,  especially  on  the  microscopic  pathology,  diagnosis, 
differential  diagnosis,  and  to  repeat  passages  only  Avhere  such  are 
essential. 

POST-MORTEM  APPEARANCES. 

The  most  notable  alteration  is  in  the  liver,  this  organ  being 
enlarged,  very  often  yellowish  in  colour  and  sometimes  showing  a 
mottled  appearance;  on  section,  the  affected  li\Ter  is  found  to  be 
softer  than  normal  and  friable.  Very  often,  on  closer  inspection, 
small  focal  necrotic  areas  can  be  seen  through  the  capsule,  and  on 
section,  these  necrotic  areas  are  found  to  extend  throughout  the 
parenchyma.  Owing  to  the  obvious  change  in  the  liver,  many 
farmers  have  designated  the  conditions  “ liver  disease  ” in  calves. 
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Llie  mucosa  of  the  gall-bladder  is  often  thickened,  oedematous,  and 
the  bile  syrupy  in  consistence  and  of  a golden  green  colour.  In  most 
cases  the  spleen  is  swollen  and  the  pulp  softer  than  normal.  A 
catarrhal  enteritis  is  present  in  many  cases,  and  in  one  calf,  small 
necrotic  foci  were  found  in  the  mucosa  of  the  intestines.  The  fourth 
stomach  often  contains  a rubbery  sponge-like  piece  of  coagulated  milk. 
Glands  are  often  slightly  enlarged.  Petechiae  are  seen  sometimes  in 
the  cortex  of  the  kidneys. 

At  first  the  disease  was  believed  by  farmers  to  be  a form  of  septic 
or  infectious  pneumonia,  but  well-marked  pneumonic  lesions  are  the 
exception  rather  than  the  rule.  In  some  cases  atelectatic  areas  in 
the  lungs  were  met  with,  while  in  rare  instances  pneumonic  areas, 
particularly  of  the  anterior  lobes,  with  fibrinous  pleuritis,  were 
observed. 

Small  abscesses  were  present  in  these  areas  and  from  them  para- 
typhoid organisms  could  be  isolated. 

In  cases  where  the  liver  is  badly  affected,  complicated  with  a 
cholecystitis,  there  is  usually  a marked  general  icterus. 

MICROSCOPICAL  PATHOLOGY. 

The  most  noticeable  pathological  changes  occur  in  the  liver, 
spleen,  and  sometimes  in  the  lungs  and  lymph  glands. 

Liver. — In  per-acute  cases  the  nodule  seems  to  start  as  a haemorr- 
hage. There  is  an  intense  focal  hyperaemia,  but  no  leucoeytosis.  The 
liver  cells  in  the  focus  undergo  cloudy  swelling  and  vacuolization. 
The  nuclei  become  pyknotic,  the  cytoplasm  reddish  pink  and  dis- 
appears. Finally  the  nuclei  also  disappear  and  the  focus  is  occupied 
by  an  influx  of  erythrocytes.  It  is  only  after  the  initial  focal  hae- 
morrhage that  leucoeytosis  takes  place.  There  may  also  be  a diffuse 
hyperaemia,  where  individual  liver  cells  undergo  disintegration. 
Some  of  the  cells  actually  contain  red  staining  globules  simulating 
erythrocytes  which  appear  to  have  entered  a vacuole  in  the  liver  cell. 
In  this  way  many  red  cells  are  probably  destroyed,  and  this  might 
account  for  the  anaemia  often  encountered  during  paratyphoid 
epizootics  in  domesticated  animals.  In  more  protracted  cases  the 
lesions  show  a greater  tendency  towards  the  formation  of'  disseminated 
necrotic  foci.  Here  and  there  are  small  localized  rounded  or  oval 
areas  of  necrosis.  These  are  situated  either  close  to  the  central  vein 
or  in  any  other  position  in  the  liver  lobule.  The  surrounding  liver 
cells  are  arranged  in  the  usual  columns.  The  margins  of  the  necrotic 
foci  are  sharply  demarcated.  The  surrounding  tissues  show  a greater 
or  lesser  infiltration  with  neutrophiles,  and  round  cells,  but  sometimes 
may  be  quite  free  from  these. 

The  necrotic  focus  itself  appears  as  a faintly  staining  amorphous 
mass  of  cell  debris,  containing  numerous  pyknotic  and  disintegrating 
nuclei.  Foci  vary  in  size,  involving  from  three  or  four  liver  cells  up 
to  fairly  large  areas,  covering  a small  part  of  the  lobule  or  even  t he 
whole  lobule. 

Blood  elements  sometimes  penetrate  into  the  necrotic  mass.  The 
rest  of  the  liver  parenchyma  is  hyperaemic  and  shows  more  or  less 
diffuse  infiltration  with  neutrophiles.  In  many  places  accumulations 
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of'  round  cells  can  be  seen.  The  multiple  disseminated  necrotic  foci 
are  present  in  most  liver  specimens  and  conform  to  the  description 
already  given.  Some,  however,  present  certain  differences  and  pro- 
bably represent  the  early  stages  of  necrosis. 

A number  of  neutrophiles  become  aggregated  together,  occupying 
areas  of  varying  sizes.  Some  of  the  adjacent  liver  cells  undergo 
disintegration,  the  nuclei  disappear,  the  cytoplasm  loses  its  structure, 
and  changes  into  an  amorphous  mass.  The  neutrophiles  present  are 
incorporated  into  this  mass  and  their  nuclei  become  pyknotic,  giving 
rise  to  the  picture  already  described. 

Bacteria  can  sometimes  be  distinguished  at  the  edge  of  the 
necrotic  foci  and  among  the  neighbouring  liver  cells.  Here  and  there 
accumulations  of  round  cells  into  irregular  foci  can  be  observed. 
They  are  not  as  a rule  associated  with  Glisson’s  capsule.  The  necrotic 
foci  are  often  found  near  the  central  vein  of  the  lobule  and  either  one 
or  more  may  be  seen  round  one  vein.  In  some  cases  the  central  vein 
is  entirely  surrounded  by  a necrotic  zone.  Such  a central  vein  may 
contain  a thrombus  continuous  through  the  intima  with  a necrotic 
focus.  Organizing  thrombi  can  also  be  seen  in  other  veins  in  which 
the  association  with  necrotic  foci  is  not  evident.  In  some  livers  the 
development  of  the  lesions  from  small  accumulations  of  neutrophiles 
to  the  complete  necrotic  focus  can  be  followed  in  its  various  stages. 

Spleen. — This  organ  shows  well-defined  necrotic  areas  distributed 
very  evenly  in  the  pulp.  The  foci  are  fairly  uniform  in  size  and  about 
equal  in  extent  to  an  ordinary  spleen  follicle.  These  foci  do  not  affect 
the  follicles,  but  may  be  situated  quite  close  to  them.  They  consist 
more  or  less  of  an  amorphous  mass  of  cell  debris  filled  with  a large 
number  of  disintegrating  pyknotic  nuclei. 

The  edges  are  fairly  sharply  defined,  but  merge  into  the  pul]) 
without  any  intervening  capsule  or  limiting  tissue.  The  pul])  may 
show  the  presence  of  fairly  numerous  neutrophiles. 

Lung. — A few  specimens  examined  show  localized  patches  of  con- 
gestion with  neutrophilic  infiltration. 

Kidney. — A few  small  foci  consisting  of  erythrocytes  and  neutro- 
philes are  seen  here  and  there.  In  some  cases  the  tubules  of  the 
cortex  contain  a moderate  amount  of  albuminoid  substance. 

Glands. — The  glands  occasionally,  especially  the  periportal,  show 
areas  of  necrosis  similar  to  those  seen  in  the  spleen  and  liver. 

There  is  a striking  similarity  between  the  human  typhoid  focus 
of  the  liver  as  illustrated  in  MacCallum’s  textbook  on  Pathology 
(1922)  and  paratyphoid  lesions  of  domesticated  animals.  (See  Figs.  8 
and  4.)  This  similarity  is  also  commented  on  by  .Toest  (1924)  in  his 
description  of  what  he  terms  “ pseudo-tubercle  ” in  B.  enteritidis 
infection  of  calves.  In  a recent  article  on  the  pathology  of  calf 
paratyphoid  Nieberle  (1928)  describes  the  lesions  fully,  and  discusses 
the  probable  histogenesis  of  these  cellular  and  necrotic  centres. 

Pathogenic  Properties. — These  vary  greatly,  depending  on  the 
age  of  the  strains;  when  freshly  isolated  from  calves  suffering  from 
the  natural  disease,  all  strains  are  pathogenic  for  small  laboratory 
animals,  while  older  strains  that  have  been  kept  in  the  laboratory 
and  sub-cultured  for  some  time,  lose  their  virulence  very  rapidly. 
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In  small  laboratory  animals  the  following1  observations  have  been 
made  : — 

Guinea-pigs  are  susceptible,  1 c.c.  of  a 24-hour  culture  adminis- 
tered subcutaneously  proving  fatal  in  from  six  to  ten  days  and  intra- 
peritoneally  in  from  one  to  nine  days.  It  was  not  possible  to  kill 
guinea-pigs  by  giving  cultures  per  os.  All  the  strains  were  also  proved 
to  be  pathogenic  for  rabbits  and  white  rats.  On  post-mortem  examina- 
tion of  small  laboratory  animals  killed  by  the  organisms,  the  follow- 
ing changes  are  commonly  observed : hyperaemia  of  the  subcutis, 
omental  suppuration,  fibrinous  exudate  on  the  liver,  peritonitis,  and 
very  often  an  excess  of  fluid  in  the  peritoneal  cavity.  Necrotic  areas 
in  the  liver  so  commonly  met  with  in  calves  suffering  from  the  natural 
disease,  are  rarely  seen  with  the  naked  eye  in  laboratory  animals. 

Sheep. — Two  sheep  were  injected  with  a 24-hour  broth  culture, 
one  receiving  1 c.c.  subcutaneously  and  one  1 c.c.  intravenously.  The 
one  which  received  the  subcutaneous  dose  developed  a mild  fever 
lasting  six  days  and  eventually  recovered.  The  one  which  received 
the  intravenous  dose  developed  a high  fever  reaching  107.5°  and  died 
on  the  10th  day.  Just  before  death  it  was  suffering  from  diarrhoea 
and  extreme  weakness.  Necropsy  revealed  mottled  appearance  of  the 
liver,  splenic  tumour,  and  enlargement  of  the  abdominal  glands. 

On  microscopical  examination  necrotic  foci  similar  to  those  seen 
in  calf  typhoid  were  observed,  but  much  smaller,  while  the  lesions 
in  the  glands  were  more  marked  and  larger  than  those  generally  seen 
in  the  glands  of  calves. 

Robinson  and  Lawrence  (1928)  mentioned  a case  where  sheep  were 
injected  with  blood  from  a calf  with  a high  fever  which  was  suspected 
to  be  suffering  from  lieartwater.  The  sheep  showed  slight  temperature 
reactions  after  injection,  which  suggested  that  these  sheep  must  have 
been  infected  with  paratyphoid  organisms  from  the  calf,  as  the  sera 
of  these  sheep,  subsequently,  gave  a strongly  positive  agglutination 
reaction  to  S.  enteritidis  of  calves. 

In  calves  of  the  susceptible  age,  marked  disturbances  that  may 
even  lead  to  death  are  observed  in  many  cases,  provided  freshly 
isolated  .S’.  enteritidis  strains  are  used  in  the  experiments.  (See 
temperature  charts.) 

DIAGNOSIS. 

Diagnosis  is  often  difficult  clinically  owing  to  the  number  of  other 
calf  diseases  in  South  Africa  simulating  calf  salmonellosis.  Bacterio- 
logically  it  can  be  diagnosed  easily  in  the  bacteriaemic  stage,  by 
running  blood  from  the  jugular  vein  through  a sterile  needle  into 
broth  and  then  transferring  to  plain  agar  by  means  of  a sterile  pipette. 

Serologically  a diagnosis  can  be  made  by  taking  sera  from  several 
calves  in  a sick  herd  and  testing  by  the  rapid  agglutination  test, 
using  S.  enteritidis  and  S.  aertrycke  as  antigens.  In  some  cases 
S.  enteritidis  organisms  isolated  from  the  blood  of  sick  calves  do  not 
show  an  agglutination  reaction  with  their  homologous  sera,  in  other 
cases  an  agglutination  titre  of  1 in  10,000  may  be  recorded.  It  would 
appear  that  in  some  cases  the  forming  of  agglutinins  takes  place 
slowly.  Pathologically  the  disease  can  often  be  diagnosed  by  the 
microscopic  examination  of  the  liver. 
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In  the  field  the  diagnosis  can  he  effected  by  finding  the 
characteristic  lesions. 

DIFFERENTIAL  DIAGNOSIS. 

In  making  a diagnosis  of  paratyphoid  of'  calves  in  t lie  Transvaal 
lowveld,  the  presence  of  the  following  diseases  should  be  borne  in 
mind:  White  scour,  anaplasmosis,  large  piroplasmosis  (redwater), 
small  piroplasmosis  [(1)  gonderiosis,  (2)  theileriosis],  sweatingsick- 
ness,  heartwater  (rickettsiosis),  pneumo-enteritis  of  unknown  origin, 
coccidiosis,  non-specific  gastric  obstructions  (hairballs,  etc.). 

SUMMARY  AND  CONCLUSIONS. 

1.  S.  enteritidis  is  the  main  organism  responsible  for  calf  para- 
typhoid in  the  Union. 

Of  many  calf  paratyphoid  epizootics  investigated,  only  once  lias 
S.  aertrycke  been  incriminated  as  the  cause. 

Salmonella  organisms  are  apparently  widespread  in  the  Union 
where  ranching  and  dairying  are  carried  on  concurrently. 

2.  It  has  been  shown  that  organisms  recently  isolated  from  calves 
can  he  highly  pathogenic  for  this  class  of  animal,  but  that  fatal 
results  are  not  usually  produced  in  calves  that  are  strong,  healthy, 
and  well  nourished. 

It  would  appear  that  the  paratyphoid  organisms  are  often  secon- 
dary invaders,  exerting  their  pathogenic  effects  in  calves  whose 
vitality  lias  been  lowered  by  other  factors.  Among  these  factors  must 
be  mentioned  : 

(a)  Improper  and  irregular  feeding  and  bad  hygienic  condi- 
tions which  predispose  to  digestive  disturbances. 

(b)  Infection  with  piroplasms  and  anaplasms.  In  the  Marico 
District  paratyphoid  infection  was  commonly  found  as  a 
complication  of  anaplasmosis  and  piroplasmosis.  At 
Onderstepoort,  paratyphoid  infection  was  found  in  two 
cases  of  anaplosniosis  artificially  produced  in  splenecto- 
mized  animals. 

(o)  Infection  with  trypanosomiasis.  At  Onderstepoort  one  such 
case  was  met  with  in  a calf  that  had  been  artificially 
infected  with  T.  eon rjol ease. 

(d)  Infection  with  Cocciaia  and  Giardia  bovis  have  also  been 
diagnosed  in  Marico  in  a few  cases  of  red  scour,  but  para- 
typhoid infection  has  so  far  not  been  established  definitely 
in  these  infections. 

(e)  Sweating  sickness  and  heartwater. 

3.  Incidentally  these  observations  led  to  the  discovery  of  Koch’s 
bodies  not  belonging  to  the  developmental  cycle  of  Theileria  parva. 
These  Koch’s  bodies  may  not  be  of  any  great  pathogenic  significance, 
but  their  occurrence  in  the  Union  constitutes  a complicating  factor  in 
so  far  as  the  microscopical  diagnosis  of  East  Coast  fever  is  concerned. 

4.  Apart  from  anti-paratyphoid  vaccination,  preventive  measures 
against  this  calf'  mortality  consist  in  practising  sound  methods  of 
animal  husbandry  and  adopting  general  hygienic  principles.  Among 
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the  latter  must  be  mentioned  tick  eradication  by  regular  short- 
interval  dipping  continued  over  a long  period. 

5.  Since  the  mortality  occurs  only  during  the  late  summer  months 
and  only  in  calves  under  four  months  old,  it  can  be  greatly  reduced  by 
arranging  the  calving  period  for  the  early  winter  months. 

FINAL  NOTE. 

On  visiting  the  Bush  veld  again  six  years  later,  in  connection  with 
the  Marico  calf  disease,  great  improvement  was  noticed  in  calf 
husbandry. 

Many  of  the  farmers,  acting  on  previous  advice,  had  started  to 
dip  their  cattle.  These  men  have  prospered,  and  the  dreaded  calf 
disease  is  no  longer  the  terror  of  the  Marico  bushveld  farmer.  Heart- 
water  is  still  taking  a fair  toll,  but  it  was  observed  that  dipping  at 
seven  days’  interval  had,  in  many  cases,  reduced  to  a minimum  the 
calf  mortality,  which  previously  averaged  about  70  per  cent,  of  the 
yield. 

A few  cases  of  calf  typhoid  encountered  were  on  farms  where 
dipping  was  irregularly  carried  out  or  not  at  all. 

The  elimination  of  the  tick-borne  diseases  by  dipping,  combined 
with  regular  feeding,  vaccination,  and  better  sanitation,  seem  to  have 
reduced  the  incidence  of  calf  typhoid  considerably. 


TE  N DO-VAC  I N ITIS  IN  EQUINES,  FOLLOWING  HORSE- 
SICKNESS  IMMUNIZATION,  ASSOCIATED  WITH 
ORGANISMS  INDISTINGUISHABLE  FROM  SALMO- 
NELLA ABORTIVO-EQUINUS. 


INTRODUCTION. 

Organisms  of  the  paratyphoid  enteritidis  group  in  horses  were 
first  encountered  in  Pennsylvania,  by  Kilborne  (1893)  and  Theobald 
Smith  (1893).  Smith  studied  the  organisms  of  two  agar  slants  which 
Kilborne  inoculated  the  previous  evening,  from  the  vagina  of  a mare 
which  had  aborted.  He  described  the  salient  biochemical  and 
cultural  features,  and  referred  to  its  membranous  growth  on  agar 
as  well  as  its  wrinkled  appearance  near  the  condensation  water. 
Subsequently  outbreaks,  apparently  due  to  the  same  organism,  were 
recorded  by  Turner*  (1894),  Lignierest  in  France  and  Argentine 
(1897),  Poljakov+  in  Russia  (1904),  l)e  Jong  in  Holland  (1913), 
Good  and  Corbet  in  Kentucky  (1913),  Meyer  and  Boerner  in 
Pennsylvania  (1913),  Dassonville  and  Riviere  in  France  (1913), 
Lautenbach  (1913)  and  Van  Heelsbergen  (1913)  in  Holland, 
Schofield  in  Canada  (1914),  Cominotti  in  Italy  (1.916),  McFadyean 
and  Edwards  in  England  (1917),  Miessner  and  Berge  in  Germany 


* In  which  State  of  the  U.S.A.  it  is  not  clear, 
t See  Jordan  (1925). 

7 See  Magnusson. 
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(1917),  Murray  in  Iowa  (1919),  and  Kii,  Sato,  Nakamura,  and 
T ague  hi  in  Japan  (1923).  Good  and  Corbet  suggested  the  name  B. 
ahortivus-equinus  for  the  organisms  they  encountered  (subsequently 
corrected  to  B.  abort i vo-equinus) . Meyer  and  Boerner,  who  studied 
their  strain  at  the  same  time  as  Good  and  Corbet,  designated  it  B. 
abortus  equi.  Miessner  and  Berge,  for  logical  reasons,  suggested 
the  name  Bacterium  -paratyphi  abort/us  equi.-  Bacteria  similar  to 
B.  abortivo-equinus  were  also  studied  by  Bassonville  and  Riviere, 
Good  and  Smith  (1914),  Schofield,  and  McFadyean  and  Edwards,  all 
of  whom  considered  the  organisms  as  an  etiological  factor  in  pyaemic 
arthritis  or  joint  ill  in  foals. 

In  presenting  this  paper,  the  writer  wishes  to  record  the 
occurrence  of  an  organism  indistinguishable  from  S.  abortivo- 
equinus  in  tendo-vaginitis  of  horses  and  mules  following  horsesick- 
ness  immunization. 

OCCURRENCE. 

In  1922  a number  of  adult  horses  which  were  undergoing  horse- 
sickness  immunization  at  the  Onderstepoort  Laboratory  suddenly 
developed  tendo-vaginitis,  when  well  on  the  way  to  recovery.  The 
main  seats  of  infection  were  the  flexor  tendons  of  the  digits  and 
bursae  of  the  hock  and  fetlocks.  In  one  instance  there  was  an 
oedematous  swelling  on  the  chest,  and  in  another  the  testes  were 
ihe  sole  organs  affected.  The  disease  is  generally  ushered  in  by  a 
sudden  lameness  in  one  or  more  limbs.  The  lameness  is  generally 
located  in  the  hind  or  front  fetlock  region.  On  rare  occasions  it 
commences  as  a swelling  of  the  hock  joint,  or  upper  forearms.  The 
affected  regions  are,  as  a rule,  warm  and  painful.  At  the  onset  of 
the  disease  the  animals  go  slightly  off  their  feed  and  lose  condition 
rapidly.  When  once  decubitus  there  is  little  chance  of  recovery. 
There  is  a degeneration  of  flexor  tendons,  especially  those  of  the 
front  leg;  in  one  instance  the  deep  flexor  tendon  actually  rupturing. 
The  first  symptoms  appear  from  three  to  six  weeks  after  the  first 
injection  of  horsesickness  virus,  the  temperature  during  the  infec- 
tion varying  from  99°  to  105.57°  E. 

CASES  STUDIED. 

Of  the  12  horses  studied  in  1922,  the  organism  was  obtained 
pure  in  nine  instances,  and  in  three  associated  with  streptococci. 
Pipettes  were  used  in  the  case  of  dead  animals,  and  sterile  trocars 
and  canulas  in  live  animals,  in  order  to  obtain  material  for  bacterio- 
logical work.  Fluid  was  obtained  from  the  swellings  and  affected 
bursae,  the  contents  of  which  varied  from  a serosanguinous  fluid  to 
a creamy  purulent  material.  Good  growth  was  generally  obtained 
on  plain  and  serum  agar.  On  one  occasion  a young  stallion 

developed  a severe  orchitis.  The  animal,  which  ultimately 
recovered,  was  castrated,  and  the  organisms  isolated  in  pure  culture 
from  the  testes.  Another  animal  developed  a swelling  of  the  right 
fore-arm  and  bacteriological  examination  showed  the  usual  gram 
negative  bacilli.  An  autogenous  vaccine  was  immediately  employed, 
and  as  a consequence  the  patient  recovered. 
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The  hatch  of  sera  with  which  these  horses  had  been  previously 
immunized  was  subjected  to  a very  careful  bacteriological  examina- 
tion, but  the  bacillus  in  question  was  not  found. 

In  1925  a similar  outbreak  occurred  in  a number  of  mules,  also 
as  a sequel  to  horsesickness  immunization.  One  of  the  affected  mules 
was  selected  for  bacteriological  work  and  duly  chloroformed. 
Cultures  were  then  made  from  an  abscess  on  the  lateral  aspect  of 
the  front  leg,  about  three  inches  below  the  knee.  Another  culture 
was  made  from  the  digital  synovial  sheath  behind  the  fetlock.  From 
the  former  site  a mixed  growth  was  obtained  of  a gram  negative 
bacillus  and  a gram  positive  streptococcus.  From  the  latter  site  a 
gram  negative  bacillus  was  obtained  in  pure  culture.  These  bacilli, 
on  further  study,  proved  to  be  identical  with  the  organisms  isolated 
from  tendo-vagin itis  in  horses,  following  horsesickness  immuniza- 
tion. 

Shortly  after  this,  a fore-limb  (mule),  in  good  condition, 
received  at  the  laboratory,  proved  to  be  a case  of  ten  do- vaginitis, 
and  in  this  case  also  identical  organisms  were  isolated  in  pure  culture 
from  the  digital  synovial  sheath.  Again  a searching  examination 
was  made  for  this  organism  in  the  sera  from  which  these  mules 
had  been  inoculated,  but  again  with  negative  results.  From  the 
same  batch  many  horses  and  mules  had  been  inoculated  in  other 
localities,  but  in  all  cases  with  untoward  results. 

BACTERIOLOGY. 

Morphology  and  Staining. — Irregular,  short,  plump,  gramnegative 
rods  with  rounded  ends  varying  from  a coccal  to  an  occasional  long 
bacillary  form.  In  freshly  isolated  cultures,  especially  when  grown 
on  serum  agar,  a peculiar  staining  is  noticed.  When  stained  with 
dilute  carbol  Fuchin  it  varies  from  deeply  staining  granules,  with 
a light  zone  on  one  or  both  extremities,  to  rods,  with  similar  lightly 
staining  extremities.  When  stained  with  Ziehl's  Carbol  Fuchsia , 
it  may  even  show  a unipolar,  bipolar,  or  belted  appearance.  After 
long  laboratory  cultivation,  there  is  a tendency  to  grow  in  long  fila- 
mentous forms ; smears  prepared  from  potato  media  often  manifest  a 
short  rod  or  coccal  appearance.  The  organism  stains  with  all  the 
laboratory  aniline  dyes. 

Motility. — The  organism  is  actively  motile  and  possesses 
peritrichous  flagella. 

Cultural  Features. — Plain  Agar:  On  this  medium  the  organism 
grows  well;  at  first  the  colonies  are  smooth,  delicate,  and  trans- 
parent, but  from  47  hours  onwards  they  become  dull,  slightly 
granular,  and  assume  a characteristic  concentric  ringed  appearance. 
Some  colonies  may  show  a flattened  margin.  The  confluent  growth 
at  the  condensation  water  becomes  wrinkled.  After  a few  days’ 
incubation,  the  growth  becomes  dry  and  membranous  and  slightly 
adherent  to  the  substratum.  Potato:  On  this  medium  growth  is 
moderate  and  not  characteristic.  Gelatin  : Colonies  transparent, 

small  and  circular,  with  slightly  lobate  margin,  delicately  concentric 
rings,  and  slightly  raised  centre.  Gelatin  St  ah : Surface  growth 
around  needle  entrance,  with  filiform  growth  along  needle  track.  No 
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liquefaction  is  produced.  Broth  : This  becomes  turbid  from  12  to 
24  hours  after  inoculation.  With  age  most  cultures  develop  a fragile 
papery  pallicle  which  extends  for  a few  mm.  above  the  broth  along 
the  side  of  the  tube. 

Biochemical  Features. — Indol  is  not  produced.  Nitrates  are 
not  reduced  to  nitrites.  On  lead  actuate  agar  (Jordan)  there  developes 
no  blackening  along  the  needle  track.  In  litmus  milk:  There  is 
slight  initial  acidity  followed  by  progressive  alkalinity.  Milk  is  not 
coagulated. 

Table  No.  1 shows  the  behaviour  on  carbohydrate  media  of 
strains  investigated,  including  one  American  strain  for  comparative 
purposes.  The  last  mentioned  was  kindly  supplied  by  Prof.  Jordan, 
of'  Chicago  University. 

SEROLOGICAL  EXAMINATION. 

The  serum  of  horses  which  have  passed  through  an  attack  of 
tendo- vaginitis  has  a high  agglutination  affinity  for  all  local  horse 
and  mule  strains,  including  the  American  one  of  S.  abortivo-equinus. 

The  titre  in  these  cases  varies  from  1 in  6,000  to  1 in  10,000. 
The  normal  agglutination  titre  for  these  organisms  in  horses 
examined  in  Natal  and  the  Transvaal  varies  from  1-100  to  1-300,  and 
sometimes  there  may  be  a faint  agglutination  in  1-400,  but  never 
higher. 

A normal  sheep,  whose  serum  proved  negative  for  all  the 
Salmonella  in  our  possession,  was  immunized  with  a typical  strain 
obtained  from  a horse  suffering  with  tendo-vaginitis. 

It  received  three  injections  at  weekly  intervals.  The  first  sub- 
cutaneous injection  consisted  of  5 c.c.  of'  a 24-hour  broth  culture 
heated  at  50°  C.  for  one  hour.  The  second  injection  consisted  of  a 
3 c.c.  living  24-hour  broth  culture.  And  finally  a similar  dose  of 
living  organisms  was  given  intravenously.  See  Table  II  for 
agglutination  reactions. 
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Carbohydrate  Reaction  after  14  days'  Incubation:  In  media  consisting  of  2 per  cent.  Peptone  in  Distilled  II  ater, 
with  1 per  cent.  Andrade’s  Indicator. — 1 per  cent,  of  the  Test  Substance 
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TABLE 

Showing  Results  of  various  Salmonella  Tester!  with 


Source  of  Origin. 
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No.  II. 

Local  S.  abortive-equinus.  Sheep-immune  Serum. 
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PATHOGENICITY  FOR  LABORATORY  ANIMALS. 

These  equine  paratyphoid  strains  were  not  as  highly  pathogenic 
for  laboratory  animals  as  the  members  of  the  enteritidis  and  aertrycke 
varieties  isolated  from  calves  in  the  Transvaal. 

The  virulence  of  six  freshly  isolated  cultures  was  tested  on  twelve 
guinea-pigs  and  six  rabbits.  Two  guinea-pigs  were  injected  from  a 
24-hour  broth  culture;  of  these  one  received  1 c.c.  intraperitoneally ; 
the  other  1 c.c.  subcutaneously  from  each  culture.  Three  out  of  the 
twelve  injected  died.  Two  of  these  were  injected  intraperitoneally 
and  one  subcutaneously.  The  organism  in  question  was  again 
recovered  from  the  heart  blood,  in  these  cases,  in  pure  culture. 

Six  rabbits  were  injected  with  a 24-hour  broth  culture;  three 
received  1 c.c.  intravenously  and  three  1 c.c.  intraperitoneally.  One 
which  received  an  intraperitoneal  dose  died  14  days  after  injection 
with  an  enlarged  liver  and  slight  peritonitis;  the  others  showed  no 
untoward  results. 

PATHOGENICITY  FOR  HORSES. 

Wh  en  administered  intravenously  in  doses  varying  from  2.5  c.c. 
to  5 c.c.  organisms  are  not  pathogenic  for  horses.  A temperature 
reaction  develops,  which  varies  from  104  to  105.5°  F.,  but  subsides 
again  after  two  to  four  days  following  the  injection.  A slight 
phlebitis  at  the  point  of  injection  sometimes  persists  for  several  weeks. 

No  pregnant  mares  were  available  for  inoculation  to  ascertain  the 
ability  of  these  organisms  to  produce  abortion.  When  given  subcu- 
taneously, a marked  swelling  is  generally  produced,  lasting,  in  some 
cases,  a fortnight. 

Two  horses  which  received  subcutaneously  each  2 1 c.c.  of  a 20- 
hour  broth  culture  above  the  carpal  joint,  developed  a severe  swelling* 
extending  over  the  joint  with  resultant  lameness  lasting  two  weeks. 
Typical  tendo-vaginitis  was  not  produced.  It  is  possible  that  the 
effect  of  the  horsesickness  virus  on  the  tendons  is  essential  before  these 
organisms  can  do  their  maximum  damage. 

DIFFERENTIAL  DIAGNOSIS. 

Occasionally  a pure  streptococcic  tendo-vaginitis  is  also  met  with 
following  horsesickness  immunization,  but  in  these  cases  there  is  a 
tendency  to  abscess  formation  and  suppuration  through  the  skin.  In 
tendo-vaginitis  associated  with  the  equine  paratyphoid  under  discus- 
sion no  suppuration  to  the  exterior  has  been  noted. 


SALMONELLA  PULLORUM  INFECTION  OF  CHICKENS. 


Bacillary  white  diarrhoea,  which  has  assumed  such  vast  economic 
importance  in  the  United  States  of  America,  lias  perhaps  received 
more  attention  than  any  other  poultry  disease.  Veterinary  science 
owes  much  to  American  investigators  for  many  of  the  salient  facts 
known  about  this  malady,  and  the  names  of  Rettger  and  his  co- workers 
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(1900-19)  are  eminently  associated  with  tire  main  early  discoveries  in 
the  study  of  bacillary  white  diarrhoea. 

Beaudette  (1925)  has  given  an  excellent  review  of  the  literature 
of  this  disease,  and  it  is  flie  intention  of  the  writer  merely  to  touch 
on  the  early  history  of  bacillary  white  diarrhoea. 

Rettger  (1900)  drew  attention  to  septicaemia  in  chickens  am' 
described  the  causal  organism  later.  He  and  Harvey  (1908)  definitely 
placed  this  organism  in  the  colon  typhoid  group  and  the  following 
year  they  assigned  the  name  of  Bacterium  puUorvm  to  the  organism. 

Among  "the  early  investigators  of  this  disease,  Jones  (1910-12)  and 
(rage  (1911-10)  also  figured  prominently  and  to-day  the  cycle  of 
infection  of  bacillary  white  diarrhoea  is  well  known  to  students  of 
veterinary  science.  Only  recently  have  investigators  in  Europe  paid 
attention  to  this  disease.  Among  these  investigators  Hoyle  (1925)  is 
one  of  the  foremost. 

As  far  as  is  known,  this  disease  had  not  been  recorded  in  Africa 
until  Donatien,  Plantureaux,  and  Lestoquard  (1924)  contributed  an 
interesting  article  on  Avian  typhoid  in  Algiers. 

The  organism  which  they  studied  did  not  ferment  duleite,  an 
important  differential  sugar  between  S.  gaUinarv m and  8.  puUoru m . 
It  would  thus  appear  that  these  authors  were  working  with  a type 
of  S.  pullora ni,  for  Jones  has  definitely  shown  that  ,8'.  pullorvm  can 
he  the  cause  of  an  acute  infection  of  adult  fowls  as  well  as  chickens. 

In  South  Africa,  poultry  imported  from  America,  Australia,  and 
Europe  are  not  tested,  so  the  introduction  of  this  disease  was  inevit- 
able. While  investigating  fowl  typhoid  epizootics  in  South  Africa, 
the  existence  of  S.  pvllorum  infection  of  adult  poultry  was  always 
borne  in  mind,  but  was  never  diagnosed. 

Bacillary  white  diarrhoea  was,  for  the  first  time,  bacteriologi- 
cally  diagnosed  in  South  Africa  in  1920.  The  outbreak  had  the 
following  history : The  owner  bought  a number  of  day-old  chicks. 
They  were  sick  on  arrival  and  about  75  per  cent,  of  them  died.  Later, 
he  had  bad  results  from  the  eggs  of  the  survivors,  as,  after  hatching, 
the  young  chicks  (one  to  three  days)  invariably  developed  a fatal  dia- 
rrhoea. The  writer  examined  the  last  batch  of  chicks  bacterio- 
logically,  those  examined  being  from  three  to  ten  days  old. 

The  clinical  picture  was  that  of  bacillary  white  diarrhoea. 
Cultures  were  made  from  the  various  organs  and  an  anaerogenous  type 
of  S.  pullorum  obtained  in  pure  culture.  Sera  from  four  of  the  six 
hens  responsible  for  the  eggs  from  which  these  chicks  were  hatched 
were  submitted  to  the  agglutination  test  and  were  markedly  positive. 
(See  Fig.  19  on  page  287.) 


SYMPTOMS. 

The  affected  chickens  are  drowsy  and  listless,  standing  for  some 
time  in  the  same  position,  swaying  backwards  and  forwards.  The 
main  feature  is  the  presence  of  a light-cream  coloured  diarrhoea  of 
a sticky  nature.  A sound  of  pain  is  uttered  during  (he  act  of  faecal 
evacuation  and  the  feathers  are  glued  around  the  anal  aperture. 
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POST-MORTEM  APPEARANCES. 

On  post-mortem,  the  main  feature  is  a slight  enlargement  of 
the  liver,  which  displays  minute  grey  specks,  as  often  seen  in  fowl 
typhoid.  These  occur  throughout  the  liver  parenchyma.  In  one 
specimen,  caseous  nodules  were  found  in  the  lungs.  Erom  ihese 
nodules  S.  pullorum  was  isolated  in  pure  culture.  The  presence  of 
unabsorbed  yolk  was  a constant  feature  and  in  some  cases  it  was 
adherent  to  the  peritoneum. 

MICROSCOPIC  PATHOLOGY. 

Specimen  (>324. — Liver:  A large  number  of  irregular  round 

foci  of  various  sizes  are  disseminated  throughout  the  parenchyma. 
In  (he  Haemalum-eosin  stained  sections  they  have  a bright  pink 
colour.  The  smallest  consists  of  one  isolated  liver  cell  which  appears 
to  have  undergone  kariolysis  and  whose  cytoplasm  has  tinned  to  a 
more  or  less  homogeneous  pink  staining  mass,  somewhat  resembling 
liyalige  degeneration.  This  degeneration  process  can  be  easily 
followed.  The  nucleus  first  becomes  fragmented  and  the  cytoplasm 
loses  its  normal  staining  properties,  becomes  amorphous,  and  stains 
a greyish-pink.  Later  the  chromatin  becomes  spread  in  the 

cytoplasm  in  dust-like  particles,  and  finally  disappears  altogether 
when  the  homogeneous  stage  is  reached.  The  larger  foci  are  formed 
in  the  same  way  by  degeneration  of  adjacent  cells.  Such  foci  are 
rarely  uniformly  hyaline  in  appearance,  as  the  central  portion 
becomes  infiltrated  with  round  cells,  while  the  periphery  usually 
shows  blobs  of  pink  homogeneous  newly  degenerated  liver  cells. 
The  liver  as  a whole  is  hyperaemic.  Numerous  clumps  of  bacteria 
are  seen,  but,  strangely  enough,  are  not  closely  associated  with  the 
necrotic  foci.  There  is  also  practically  a total  absence  of  the 
eosinophilic  polymorphic  leucocytes  seen  in  cases  of  fowl  typhoid. 

PATHOGENICITY. 

Six  4-day-old  chickens  were  each  given  (per  os)  .5  c.e.  of  a 24- 
hour  broth  culture.  One  died  on  the  eighth  day  and  the  organism 
was  recovered  from  the  internal  organs,  viz.,  liver,  spleen,  and  heart 
blood. 

Four  guinea-pigs  were  injected;  two  received  1 c.e.  each  of 
broth  culture  subcutaneously,  and  two  1 c.e.  intraperitoneally. 
Those  which  were  injected  intraperitoneally  died,  but  the  others 
showed  no  untoward  effects  as  the  result  of  the  injection. 

A similar  number  of  rabbits  were  injected.  Those  done  by  the 
intraperitoneal  route  died  within  four  days,  and  those  injected  sub- 
cutaneously died  on  the  eighth  and  ninth  days  respectively.  The 
organism  was  recovered  from  the  heart  blood  in  these  cases. 

BACTERIOLOGY. 

Morphology. — Small  slender  gram  negative  rod  with  rounded 
ends.  It  generally  appears  singly,  is  non-motile,  and  varies  from 
0.3  to  0.5  by  1.5  to  2.5  microns. 
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Cultural  Features. — Agar:  On  this' medium  it  grows  well,  liny 
shiny  greyish  colonies,  almost  streptococcic  in  appearance,  are  seen 
after  ‘24  hours’  cultivation.  The  colonies  measure  from  1 to  2 mm. 
after  4S  hours,  when  they  appear  to  have  reached  their  maximum 
growth. 

Broth:  On  plain  broth  there  is  a light  uniform  turbidity  within 
24  hours  after  inoculation,  there  is  no  pellicle  and  little  sediment. 

Gelatin  : After  48  hours  at  room  temperature,  greyish  white 
colonies  are  seen.  In  a stab  culture  there  is  a delicate  granular 
growth  along  the  needle  track  and  on  liquefaction. 

Potato:  There  is  a poor  growth  on  this  medium  in  the  form  of 
a shiny  streak  along  the  inoculated  surface. 

Litmus  .1/ ill- : After  24  hours’  inoculation,  there  is  slight  acidity, 
which  remains  unchanged  for  about  four  weeks,  then  turns  slight 
alkaline  again. 

Milk  is  not  coagulated. 

Indol  is  not  formed. 

Lead  Acetate  Agar:  Slight  brownish  decolouration  is  noted  after 
48  hours’  inoculation,  but  not  so  marked  as  shown  by  other  strains 
Nitrates  are  not  reduced. 

CARBOHYDRATE  REACTIONS. 

This  medium  consists  of  distilled  water  containing  2 per  cent, 
peptone,  1 per  cent.  Andrade’s  indicator,  and  1 per  cent,  of  the  test 
substance.  After  15  days’  observation  in  the  incubator,  galactose, 
glucose,  mannite,  sorbite,  laevulose,  mannose,  and  rhamnose  were 
fermented  without  gas  production.  The  latter  was  not  always 
fermented  within  this  period.  Arabinose,  lactose,  nutrose,  i nosite, 
salicin,  raffinose,  inulin,  erythrite,  dextrin,  saccharose,  nutrose, 
glycerine,  maltose,  and  dnleite  were  not  attacked.  Xylose  was 
fermented  slightly,  if  at  all,  before  the  15th  day. 

This  strain  has  been  fairly  constant  in  its  biological  features. 
It  has  been  subcultivated  for  two  years  and  has  not  shown  any  transi- 
tion to  gas  production,  a phenomenon  noted  by  several  workers. 

Thus  far,  all  the  strains  isolated  in  the  Transvaal  are  anaerogenic. 
Among  chickens,  the  first  outbreak  in  the  1 nion  was  due  to  an  anaero- 
genic strain.  This  is  of  interest  as  it  is  generally  held  that  the  aero- 
genous  types  of  S.  pullorvm  are  found  mostly  in  chickens  and  the 
anaerogenic  forms  in  adult  poultry.  The  type  found  in  Algiers 
apparently  affected  both  chickens  and  adult  poultry.  In  its  morpho- 
logical and  staining  reactions  the  local  strains  of  S.  gull  arum  corre- 
spond with  S.  g allinarum,  but  during  primary  isolation  grow  less 
luxuriantly  on  artificial  media. 

Biochemically  the  described  strain  corresponds  with  two  more 
strains  isolated  in  South  Africa,  except  that  it  does  not  ferment  arabi- 
nose. 

Local  strains  of  S.  p-ull or um  differ  from  S.  gall  i narv  m in  that 
they  fail  to  ferment  maltose,  glycerol,  and  dnleite.  The  last  named 
is  a reliable  and  stable  differential  sugar.  On  litmus  milk  the  acid 
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alkaline  transitional  period  of  »S'.  pulloruin  is  much  longer  than  that 
of  .S’.  (jalliiiarum. 

DISTRIBUTION  IN  SOUTH  AFRICA. 

The  extent  of  distribution  is  still  under  investigation.  Besides 
the  outbreak  under  discussion,  on  two  occasions  S.  pulloruin  was 
isolated  from  diseased  ovaries  of  hens  sent  to  the  laboratory,  and  once 
in  a case  from  the  Orange  Free  State,  on  examination  of  chickens 
dead  in  the  shells  of  artificially  incubated  eggs. 

Mr.  Mitchell  and  Mr.  Alexander  have  found  the  disease  to  he  on 
the  increase  in  Natal,  and  it  is  certain  that  the  spread  of  bacillary 
white  diarrhoea  will  have  far-reaching  effects  in  retarding  the  progress 
of  poultry  culture  in  South  Africa.  It  is,  therefore,  of  primary 
importance  that  more  data  of  the  distribution  in  the  Union  be  obtained 
by  bacteriological  examination,  as  well  as  serological  testing. 

DIAGNOSIS. 

A definite  diagnosis  can  only  be  made  in  the  laboratory.  A 
provisional  diagnosis  may  be  made  in  the  field  on  account  of  the  early 
appearance  of  the  affection,  high  mortality,  white  scour,  and  the 
presence  of  unabsorbed  youk  in  the  abdominal  cavity. 

DIFFERENTIAL  DIAGNOSIS. 

Not  all  cases  of  white  diarrhoea  in  the  Union  are  due  to  S. 
pulloruin  infection.  Chills  and  improper  feeding  sometimes  give  rise 
to  similar  clinical  symptoms.  Aspergillosis  also  shows  the  presence 
of  white  diarrhoea,  especially  when  the  disease  is  well  advanced. 
Further,  coccidiosis  sometimes  simulates  infectious  white  diarrhoea, 
but  symptoms  do  not  appear  so  soon  after  hatching. 

PREVENTION. 

The  most  essential  point  in  the  control  of  bacillary  white  dia- 
rrhoea is  to  avoid  the  introduction  of  diseased  chicks  and  adult  chronic 
carriers.  This  applies  to  both  the  individual  poultry  owner  and  the 
State.  The  prompt  detection  and  destruction  of  chronic  carriers  of  the 
malady  is  of  the  utmost  importance. 

At  present  serological  tests  will  not  differentiate  a carrier  of  S. 
pulloruin  from  one  of  S.  gallinaruni , a fact  which  is  not  of  much 
practical  importance  in  view  of  the  danger  of  both  diseases.  Poultry 
keepers  should  be  thoroughly  instructed  as  to  the  danger  of  bacillary 
white  diarrhoea  when  once  introduced  in  to  their  flocks.  Sellers  of 
day-old  chicks  should  be  possessed  of  a Government  or  Municipal 
Certificate,  testifying  that  their  flocks  are  free  from  bacillary  white 
diarrhoea.  Often  the  disease  is  brought  into  a healthy  Hock  through 
the  introduction  of  a single  fowl.  It  can  be  avoided  by  having  such  a 
fowl  tested  before  purchasing.  Bacillary  white  diarrhoea  should  be 
made  a notifiable  disease  in  South  Africa  before  it  is  too  late. 

C I r R A T I V E TR E AT M ENT . 

Treatment  is  not  recommended  in  an  outbreak  of  bacillary  white 
diarrhoea,  as  the  surviving  chicks  may  he  reservoirs  of  infection  in 
adult  life. 
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FOWL  TYPHOID. 


The  earliest  references  to  epizootic  typhoid  diseases  of  fowls  are 
to  be  found  in  the  works  of  Lemaistre  (1869)  and  Perroncito  (1877- 
1878).  Klein  (1899)  described  a serious  disease  among  poultry  in 
Orpington,  Kent,  England,  under  the  name  of  infectious  enteritis, 
lie  isolated  the  causal  organism  and  named  it  Bacillu. s g allin  arum. 
This  disease  is  still  known  on  the  Continent  as  Klein's  disease. 
Smith  (1894)  found  a similar  disease  on  Black  Island,  R.I.  Moore 
(1895)  studied  a poultry  disease  in  Virginia,  which  he  described 
under  the  name  of  infectious  leukemia.  He  gave  a good  description 
of  the  organism  and  designated  it  Bacterium  sangui  nariu  in . 

Curtice  (1902)  investigated  a poultry  epizootic  in  Rhode  Island 
and  called  the  condition  “ fowl  typhoid.”  Trincas  (1908)  described 
a poultry  disease  in  Italy  simulating  cholera  clinically  and  path- 
ologically, but  not  bacteriologicallv.  To  one  of  the  organisms  found 
lie  assigned  the  name  Bacillus  pseud  o-cholerae. 

Pfeiler  and  Rehse  (1918)  studied  a fowl  typhoid  outbreak  in 
Germany  and  named  the  organism  isolated  by  them  Bacillus  typhi 
gall  inarum  alcali  facie  ns. 

Hadley,  Elkins,  and  Caldwell  (1918)  have  since  shown,  in  their 
extensive  study  on  the  “ Colon-Typhoid  Intermediates  of  Birds,”- 
that  the  organisms  isolated  and  described  by  Moore  and  Klein 
respectively  are  identical.  There  is  little  doubt  to-day  that  all  the 
poultry  epizootics  mentioned  above  were  due  to  similar  organisms. 
The  generally  accepted  name,  however,  by  priority  is  Salmonella: 
gaUinarum,  Bergey  (1925),  although  it  must  be  stated  that 
Salmonella  gallinarum  seems  to  occupy  an  intermediate  position 
between  the  Salmonella  and  t He  Kberthella  genera,  and  has 
biological  characteristics  in  common  with  both  genera. 

Outbreaks  other  than  those  mentioned  have  been  recorded  by 
Taylor  in  California  (1915),  Pfeiler  and  Roepke  in  Germany  (1917)r 
\ an  Straaten  and  Te  Hennepe  in  Holland  (1918),  Te  Hennepe  in 
Holland  (192  3),  Truche  in  France  (1923),  Donatien,  Plantureux, 
and  Lestoquard  in  Algiers  (1924),  and  Martinaglia  in  South  Africa 
(1926).  Smith  and  Ten  Broeek  (1915),  Mulsow  (1919),  have  also 
made  extensive  comparative  studies  of  the  organism. 

In  recent  years  fowl  typhoid  has  received  almost  as  much 
attention  as  fowl  cholera.  As  a rule,  it  is  not  as  virulent  a malady 
as  fowl  cholera,  but  the  fact  that  it  can  easily  be  disseminated  by 
means  of  carriers  at  once  renders  it  a dangerous  disease,  and  from 
a State  veterinary  point  of  view  a most  important  one,  as  fowls  are- 
still  introduced  into  South  Africa  without  being  tested  to  see  whether 
they  are  carriers  of  the  poultry  Salmonella  or  not. 

Formerly  in  South  Africa  epizootics  of  poultry  were  attributed 
to  fowl  cholera,  especially  by  poultry  owners,  and  it  was  not  until 
1924  that  fowl  typhoid  was  also  recognized,  when  it  was  definitely 
established  both  bacteriologicallv  and  serologically  by  the  writer. 
The  first  outbreaks  studied  occurred  near  Pretoria  and  in  Johannes- 
burg’. Soon  afterwards  the  disease  was  diagnosed  in  all  Provinces. 
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of'  the  Union.  To-day  it  may  he  assumed,  from  experience  gained 
during  the  last  five  years,  that  fowl  typhoid  is  the  commonest  and 
most  destructive  bacterial  disease  of  poultry  in  the  Union. 

Numerous  fowl  typhoid  epizootics  have  been  diagnosed  all  over 
South  Africa,  but  not  a single  case  of  fowl  cholera  has  been  estab- 
lished baeteriologically.  Regarding  fowl  typhoid,  it  is  not  known 
when  and  how  the  disease  was  introduced  into  South  Africa.  The 
mortality  is  generally  high,  varying  from  15  to  80  per  cent,  of  the 
flock.  It  sometimes  assumes  such  a virulent  form  that  it  almost 
resembles  a fowl  cholera  outbreak. 

In  the  Union  it  affects  mainly  birds  from  a year  upwards. 
Natural  outbreaks  so  far  have  been  confined  to  the  common  fowl,  but 
on  two  occasions  we  have  been  informed  by  owners,  in  whose  flocks 
the  disease  has  been  diagnosed,  that  their  turkeys  were  also  dying, 
apparently  from  the  same  affection.  Recently  a bacteriological 
diagnosis  has  been  made  in  the  case  of  a turkey  sent  to  the  Laboratory. 

The  organisms  can  be  isolated  in  pure  culture  from  the  blood- 
stream and  various  internal  organs,  especially  liver,  spleen,  and 
kidneys.  They  are  never  plentiful  in  a stained  blood-smear  and  some- 
times show  a slight  marginal  staining.  S.  gallinaruvi  is  with  very 
little  difficulty  obtained  from  the  subclavian  vein  (of  a sick  fowl  show- 
ing a temperature  reaction)  by  drawing  blood  with  a pipette  and 
transferring  it  to  broth. 

SYMPTOMS. 

In  South  Africa  the  disease  often  takes  a virulent  form.  Some 
owners  may  lose  almost  their  entire  flocks  within  a month,  while 
others  lose  several  a day  over  a long  period. 

The  incubation  period  under  experimental  conditions  varies  from 
two  to  six  days  before  the  initial  rise  in  temperature  is  noticed.  The 
comb  is  often  cyanotic  in  appearance,  apparently  due  to  cardiac 
deficiency,  but  sometimes  the  comb  and  especially  the  wattles  may  be 
pale.  Microscopic  examination  of  the  blood  often  shows  decrease  of 
the  erythrocytes  and  an  increase  of  the  polymorphic  eosinophiles. 

The  temperature  varies  from  107.5°  to  111.5°  F.  The  sick  bird 
shows  diminished  appetite,  increased  thirst,  and  general  dulness. 
The  feathers  are  often  ruffled,  especially  round  the  neck,  and  the  head 
is  held  close  to  the  body.  The  wings  often  droop,  while  the  sick  fowl 
stands  with  closed  eyes  and  has  a sleepy  appearance.  Others  may 
lie  down  and  show  disinclination  to  walk.  Regurgitating  movements 
are  sometimes  observed  and  a slimy  catarrhal  condition  of  the  buccal 
cavity  is  common.  Diarrhoea  is  a usual  feature,  the  droppings  being 
of  a greenish-yellow  colour  and  the  feathers  around  the  vent  are 
generally  tinted  with  greenish  soft  faeces.  Just  before  death  the 
fowl  becomes  prostrated  and  the  temperature  subnormal. 

POST-MORTEM  APPEARANCES. 

Rigor  mortis  sets  in  soon  after  death.  On  opening  the  abdominal 
cavity,  yellow  or  blood-stained  fluid  is  frequently  seen.  The  liver 
is  the  most  constantly  affected  organ,  being  much  enlarged,  and  the 
surface  displaying  irregular  haemorrhages  and  yellow  patches.  In 
.some  cases  it  has  a characteristic  bronze-like  tint.  In  certain  cases 
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t lie  bile  ducts  are  distended  and  icterus  is  noticed.  If  t lie  disease  is 
of  more  than  a week’s  duration,  minute  multiple  necrotic  foci,  dis- 
crete and  sometimes  numerous,  are  often  seen  in  the  liver  and  through- 
out the  parenchyma.  The  liver,  on  incision,  is  soft  and  friable  in 
consistence.  The  spleen,  as  a rule,  is  enlarged  and  congested,  show- 
ing sometimes  tiny  grey  specks  under  the  capsule.  It  bulges  on 
section,  the  pulp  is  dark  red  and  the  splenic  corpuscles  often  promi- 
nent. The  kidneys  appear  slightly  swollen,  of  a yellowish  brown 
colour  and  sometimes  soft  in  consistence. 

The  ovaries  and  oviduct  are  often  highly  inflamed.  In  laying 
hens  it  is  not  unusual  to  find  egg  yolk  in  the  peritoneal  cavity.  On 
several  occasions  S.  gallinaruvi  was  isolated  from  the  yolk  of  the 
inflamed  ova  of  fowl  typhoid  cases.  In  experimental  chronic  cases- 
the  ovarian  lesions,  i.e.  shrunken  ova,  are  similar  to  those  seen  in 
natural  S.  pullorum  carriers.  The  lungs  are  usually  normal,  but 
when  there  is  fluid  in  the  cavities,  they  are  sometimes  grey  and 
oedematous.  The  pericardial  sac  often  contains  a sero-fibrinous 
exudate.  Occasionally  grey  necrotic  areas  are  seen  on  the  epicardium 
of  the  heart.  These  may  take  the  form  of  greyish-yellow  protuber- 
ances where  the  disease  is  taking  a chronic  course.  In  many  cases  the 
heart  appears  normal.  Haemorrhages  on  the  heart  have  been  observed 
in  four  out  of  thirty  typhoid  epizootics  investigated.  In  these  four 
cases  the  disease  had  taken  an  acute  and  virulent  form.  As  a rule,  the 
intestines  are  pale,  but  a catarrhal  condition  generally  prevails,  with 
isolated  haemorrhagic  patches  on  the  mucous  membrane.  In  some 
cases  the  faecal  contents  are  generally  bile-stained  and  the  cloaca,  as. 
a rule,  contains  soft  green  faecal  matter. 

MICROSCOPIC  PATHOLOGY. 

Specimen  5081. — Liver:  The  liver  tissue  contains  a large 

quantity  of  blood,  distending  the  intercellular  spaces,  so  that  the  liver 
cell  columns  are  spread  out.  There  is  a slight  amount  of  vacuoliza- 
tion or  fatty  degeneration.  On  looking  at  the  section  closely,  one 
notices  isolated,  or  minute  groups  of  liver  cells,  of  which  the 
cytoplasm  is  hyaline  in  appearance.  These  cells  are  scattered  rather 
uniformly  through  the  parenchyma.  They  are  very  often  associated 
with  a few  round  and  polymorphic  cells,  especially  where  they  tend 
to  form  small  foci.  This  fiyalinization  of  the  cytoplasm  does  not  as 
a rule  affect  the  nucleus,  which  may,  however,  assume  a pyknotic 
appearance.  The  necrotic  process  in  this  case  is  confined  to 

individual  scattered  liver  cells,  instead  of  being  localized  to  a group 
of  cells  forming  disseminated  foci. 

Specimen  4815. — Liver:  The  parenchyma  is  markedly 

hyperaemic.  The  interlobular  tissue  presents  fairly  extensive  lym- 
phoid accumulations.  Fatty  degeneration  is  present  to  a slight  extent. 
Occasionally,  lighter  staining  centres  are  seen.  These  consist  of  a group 
of  liver  cells,  in  which  the  cytoplasm  has  become  hyaline  in  appearance. 
Such  centres  are  infiltrated  by  a small  number  of  round  cells  and 
polymorphic  eosinophiles.  Apart  from  these  foci,  numerous 

hyalin ized  liver  cells,  occurring  singly  or  in  groups  of  three  or  four, 
are  scattered  throughout  the  liver  tissue.  They  are  usually  associated 
with  a few  round  and  polymorphic  leucocytes.  The  parenchyma 
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as  a whole  shows  a diffuse  interstitial  infiltration  with  round  and 
polymorphic  leucocytes. 

Specimen  4793. — Liver:  "Numerous  fairly  large  and  diffuse 

foci  are  scattered  throughout  the  parenchyma.  They  are 
differentiated  from  the  liver  structure  by  the  absence  of  the  typical 
liver  cell  columns,  thus  giving  them  a finely  punctiform  appearance 
under  low  magnification.  Their  sizes  vary  and  may  reach  up  to  about 
a sixth  of  the  liver  lobule.  Under  high  magnification  these  foci 
present  the  following  appearance  : The  liver  tissue,  over  a fairly 
wide  area,  is  infiltrated  with  round  cells.  These  increase  in  number 
towards  the  centre,  while  the  liver  cell  columns  become  indistinct 
and  disappear  altogether.  The  central  part  contains  numerous 
polymorphic  eosinophiles  with  rod-shaped  granules,  and  a fair 
number  of  erythrocytes.  Although  the  liver  cells  cannot  be 
distinguished,  their  nuclei  are  still  fairly  well  preserved.  The 
picture  is,  therefore,  more  of  the  nature  of  a diffuse  focal  parenchy- 
matous hepatitis  than  that  of  a sharply  circumscribed  necrotic  focus. 
'Hie  intralobular  tissue  shows  a fair  amount  of  lymphoid  accumula- 
tions. The  parenchyma  shows  a noticeable  hyperaemia.  A feature 
in  many  sections  examined  is  the  perivascular  infiltrations  of  round 
cells  or  polymorphic  eosinophiles.  The  latter  contain  round  or  rod- 
shaped  granules. 

Spleen:  This  organ  shows  very  indefinite  lesions.  In  the  more 
acute  cases  all  that  can  be  noted  is  more  or  less  intense  hyperaemia. 
Later  there  appears  a progressive  hyalinization  of  the  tissue  around 
the  pencil  arteries.  Similar  lesions  have  also  been  encountered  in 
the  spleen  of  fowls  in  spiroehaetosis.  Well-defined  necrotic  foci  are 
sometimes  seen,  but  cannot  be  regarded  as  constant  features. 

Heart : Sometimes  well-defined  tuberous  yellowish-grey  nodules 
are  found  on  the  heart  of  chronic  cases  of  fowl  typhoid.  These  may 
produce  lesions  of  chronic  myoperiearditis.  The  miscroscopic  patho- 
logy of  these  cases  is  interesting.  They  appear  to  be  leuootic  in 
nature.  These  elevations  consist  of  an  accumulation  of  cells  of  the 
round  cell  and  polymorphic-eosinophilic  type.  There  are  also  signs 
of  vascularization  and  organization.  The  myocardium  is  infiltrated 
with  round  cells;  these  cause  piessure  atrophy  of  the  muscle  fibres 
and  progressive  displacement.  The  picture  is  that  of  a leucosis. 

De  Kock  (1928)  points  out  the  present  unsatisfactory  state  of 
our  knowledge  regarding  the  leucosis  of  fowls,  and  its  relation  to  the 
various  round  cell  or  polymorphic  hyperphasias  often  met  with. 

BACTERIOLOGY. 

The  strains  isolated  and  studied  in  the  Union  conform  more  or 
less  to  the  latest  American  and  European  descriptions  of  the  <8. 
gallinarum  type.  They  may  briefly  be  described  as  irregular  non- 
motile  rods  with  rounded  ends,  measuring  0.3  to  0.6  by  .2  to  0.2 /x. 
They  stain  well  with  all  the  laboratory  dyes  in  common  use,  and 
are  gram  negative.  They  sometimes  show  a marginal  staining  with 
a light  centre.  Agar  colonies  often  show  a yellow  centre  when 
freshly  isolated.  They  are  moist  and  circular  with  entire  margin. 
Gelatin  colonies  are  delicate  and  circular  with  finely  granular 
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appearance.  On  broth  there  is  uniform  cloudiness  with  slight 
tiocculent  sediment.  Gelatin  is  not  liquefied,  milk  not  coagulated 
and  indol  not  formed.  Litmus  milk  is  turned  acid  within  24  hours, 
and  becomes  slowly  alkaline  from  the  third  day  onwards.  Lead 
acetate  agar  is  blackened  along  the  agar  track  within  43  hours.  A 
carbohydrate  medium,  consisting  of  distilled  water  containing  2 per 
cent,  peptone,  1 per  cent.  Andrade's  indicator,  and  1 per  cent,  of 
the  test  substance,  and  incubated  for  15  days,  gave  the  following 
results:  Arabinose,  rhamnose,  galactose,  klucose,  mannite,  sorbite, 

maltose,  xylose,  dulcite,  laevulose,  mannose,  and  glycerol  were  all 
fermented  without  gas-production.  Saccharose,  dextrine,  erytlirite, 
inulin,  raffinose,  saliein,  i nosite,  nutrose  and  lactose  were  not  attacked. 

Comments  on  a Few  Sugars. 

Rhamnose. — The  local  strains  ferment  this  important  differential 
sugar  of  the  Salmonella  and  Eherthella  genera.  It  is  attacked  between 
the  3rd  and  14th  days,  but  one  or  two  strains  are  only  attacked 
between  the  3rd  and  4th  weeks. 

Sorbite. — This  sugar  is  slowly  fermented,  some  strains  just  before 
the  14th  day  and  others  afterwards.  The  few  local  human  typhoid 
strains  in  our  possession  ferment  this  sugar  quickly. 

Xylose. — This  sugar  is  weakly  fermented  by  our  gallmaruw 
strains. 

Dextrin. — Fermentation  tests  with  this  sugar  have  been  unreli- 
able. 

THE  FOWL  TYPHOID  CARRIED. 

Although  much  has  been  written  about  the  transmission  of 
Salmonella  pullorum  by  carriers,  comparatively  little  is  known  about 
the  natural  history  of  S.  gallinaruin  infections.  Often  it  is  difficult 
to  explain  the  sudden  occurrence  of  epizootics,  especially  where  there 
is  no  record  of  recently  introduced  fowls.  Several  times  sparrows 
have  been  suspected  as  carriers  where  fowl  typhoid  epizootics  occurred, 
but  this  may  be  coincidental.  As  yet  no  experimental  evidence  has 
been  brought  forward  to  incriminate  the  sparrow  as  a carrier  of  fowl 
typhoid  in  South  Africa. 

Undoubtedly  the  disease  is  spreading  and  its  distribution  is  far 
and  wide  throughout  the  Union.  Once  having  made  its  appearance  in 
any  locality,  it  recurs  from  time  to  time  at  longer  or  shorter  intervals, 
unless  drastic  sanitary  measures  are  adopted. 

Beaudette  (1925)  having  isolated  S.  galhnarvm  from  the  heart 
blood  and  unabsorbed  yolk  of  diseased  chickens  and,  in  one  instance, 
from  a pathological  ovary  of  an  adult  hen,  recorded  the  possible  trans- 
mission of  fowl  typhoid  through  the  egg.  Kaupp  and  Rearstyne 
(1924)  referred  to  a fowl  which  recovered  from  typhoid.  This  bird 
had  a relapse  later,  and  the  writers'  emphasize  the  danger  of  such  a 
bird  when  purchased. 

While  working  on  fowl  typhoid  and  attempting  transmission 
experiments  per  os,  an  opportunity  was  afforded  of  keeping  under 
observation  fowls  which  had  survived  the  experiments.  One  experi- 
ment comprised  ten  fowls  in  one  camp,  each  having  received  1 c.c. 
of  a 24-hour  broth  culture  in  its  second  generation.  Four  died  show- 
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i n g typical  lesions  and  the  others  recovered.  In  one  hen,  which  was 
killed  one  month  afterwards,  no  lesions  were  noticed  except  that  the 
gall-bladder  appeared  atrophied.  It  was  punctured  by  means  of  a 
sterile  pipette,  and  the  golden-coloured  bile  transferred  to  a small  tube 
of  broth  and  again  to  an  agar  slant.  The  following  day  33  fowl 
typhoid-like  colonies  were  noticed  on  the  slant.  Several  colonies 
subjected  to  a thorough  bacteriological  and  serological  examination 
proved  to  be  typical  N.  gall inarvm , similar  to  the  strain  which  was 
used  for  infecting  the  fowl.  Three  months  after  the  time  of  infection 
the  rest  of  the  fowls  were  all  killed  and  bacteriologicallv  examined. 
Tin  ee  hens  showed  no  conspicuous  lesions,  except  an  inflammation 
of  the  ovaries  in  one  instance.  Cultures  were  made  from  the  various 
organs,  including  the  ovaries  and  gall-bladder,  but  no  organisms 
were  cultivated,  (hie  large  cock,  however,  showed  a marked  fibrinous 
pericarditis,  with  several  cysts  on  the  auricle  between  the  large 
vessels  and  one  large  bulging  tumour-like  protuberance,  measuring 
about  1 <*.<*.  in  diameter.  (See  Fig.  '24.)  Cultures  were  made 

from  these  heart  lesions  and  the  next  day  a culture  of 

S.  gallinarvnt  was  growing  in  the  broth  which  was  inoculated 
from  the  cysts.  The  agar  slant  inoculated  from  the  greyish- 
yellow  protuberance  on  the  heart  displayed  twelve  typical 
fowl  typhoid-like  colonies.  These  were  subsequently  identified 
as  S.  galhnarum.  (hie  hen  had  diseased  ovaries,  showing  several 
shrunken  pedunculated  ova.  The  capsule  was  thick,  containing 
yellow-brown  yolk,  and  cultures  made  from  the  contents  of  these  ova 
gave  a rich  growth  of  S.  gallinarum.  (See  Fig.  25.) 

In  a second  experiment,  eight  fowls  also  received  per  os  1 c.e. 
each  of  a 24-hour  culture  of  another  strain  of  S.  gallinarum  in  its 
sec-ond  generation.  Four  of  these  died  from  the  disease  and  four 
survived  after  a severe  illness.  The  sera  of  three  of  these  were  tested 
one  month  later  with  S.  gall i iiai  n in,  several  other  species  of  Salmonella, 
and  one  of  Eberthella.  Their  agglutination  titre  is  shown  in  Table 
No.  I V.  Six  months  after  infection  their  sera  were  again  tested  against 
S.  gall inarvm , and  were  still  found  positive  as  shown  in  the  table 
referred  to.  Finally,  these  three  fowls  were  killed  for  bacteriological 
examination.  The  Leghorn  showed  large  old  yolk  concretions  in  the 
abdominal  cavity  and  a diseased  oviduct.  Cultures  from  these  con- 
cretions and  oviduct  yielded  a rich  col i form  growth,  but  no  organisms 
of  Sal monella  type  were  isolated.  The  Plymouth  Rock  hen  on 
necropsy  showed  a number  of  old  abdominal  yolk  adhesions  and 
diseased  pedunculated  ova.  These  yolk  adhesions  contained  a brown 
material  and  fat  droplets.  Cultures  from  these,  including  some  of  the 
diseased  ova,  gave  a rich  growth  of  S.  gal l inarvni.  The  faeces  in  these 
cases  was  not  examined.  Three  months  after  these  fowls  were 
infected,  they  were  placed  in  contact  with  four  Leghorn  hens  and 
one  cock.  The  sera  of  these  birds  were  examined  before  placing  in 
contact  and  found  negative  to  the  agglutination  test.  After  having 
been  three  months  in  contact,  their  sera  were  examined  again  and  it 
was  found  that  one  hen  gave  a strong  agglutination  titre  of  1 in  (>,000, 
another  1 in  500,  and  the  rest  negative.  These  fowls  have  not  been 
killed,  as  it  is  intended  to  use  them  again. 

The  fact  that  fowls  can  show  a high  agglutination  titre  six 
months  after  showing  symptoms  and  continue  to  harbour  S. 
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gallinaruui  in  pathological  conditions  is  significant.  It  will  be  noted, 
further,  that  the  two  in-contacts  also  reacted  to  the  agglutination 
test  without  showing  clinical  symptoms.  Although  these  findings  are 
not  conclusive,  there  is  little  doubt  that  the  fowl  may  be  a potential 
carrier  of  fowl  typhoid  organisms  from  one  country  to  another. 

PATHOGENICITY. 

Fowls. — The  organisms  are  pathogenic  for  fowls  when  fed  per 
os,  but  some  strains  are  more  virulent  than  others.  On  subcultivation 
these  organisms  soon  lose  their  virulence. 

Guinea-pigs  are  susceptible  to  some  strains  and  refractory  to 
others.  Rabbits  are  more  susceptible  than  guinea-pigs,  especially 
when  injected  intraperitoneally.  Two  sheep  receiving  each  1 c.c.  of  a 
24-hour  broth  culture  subcutaneously  showed  no  ill-effects. 

SEROLOGY . 

The  agglutination  title  of  fowls  which  contracted  the  disease 
in  nature  is  often  very  high  and  may  go  up  to  6,000  and  even  higher. 
The  agglutination  results  of  various  Salmonella  strains  and  local 
S.  g alii naru m strains  are  shown  in  Tables  Nos.  Y and  YI. 

Organisms  not  agglutinated  by  S.  gallinarum  sera  (S.A.)  are 
S.  paratyphi,  S.  schottviulleri , three  S.  aertrycke  strains  in  our 
possession  and  S.  suipestifer,  B.  paratyphosis  C.  (Hirschf'eld),  and 
B.  typhi  minium.  The  last-named  organism  appears  to  be  an 
aertrycke  and  it  has  been  assigned  an  unfortunate  name.  The 
association  of  such  a cosmopolitan  type  with  the  name  of  the  host 
from  which  it  was  isolated  is  objectionable  in  describing  species,  as 
it  will  lead  either  to  hair-splitting  or  to  confusion. 
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DIFFERENTIAL  DIAGNOSIS. 

Fowl  typhoid  should  he  differentiated  from  spirochaetosis, 
leucaemia,  fowl  cholera,  coccidiosis,  arsenical  poisoning1,  and  a con- 
dition of  heavy  layers  associated  with  ovarian  disturbances  and  white 
deposit  on  the  pericardium  and  visceral  organs. 

DIAGNOSIS. 

Diagnosis  of  fowl  typhoid  is  not  always  an  easy  matter  and  it 
is  only  by  thorough  bactej  iological  investigation  that  it  can  be 
established  beyond  doubt.  The  rapid  agglutination  test  devised  by 
Gwatkin  (1923)  and  modified  by  Huddleston  and  Carlson  (1926) 
gives  excellent  results  when  sera  are  submitetd,  but  will  not 
differentiate  between  S.  yallinarum  and  S.  puUorum  infections.  The 
fowl  typhoid  organisms  generally  predominate  and  can  be  isolated 
with  comparative  ease  even  where  decomposition  is  advanced.  The 
sending  of  suitable  material,  e.g.  leg  of  a suspected  case,  as  advocated 
by  Donatien,  Plautureux,  and  Lestoquard  (1924),  for  bacteriological 
examination  of  marrow,  is  a practical  one.  Clinically  the  diagnosis 
can  be  provisionally  made  in  South  Africa  by  the  high  fever, 
greenish-vellow  diarrhoea,  and  on  necropsy,  by  finding  the 
characteristic  lesions. 

RECOMMENDATIONS  FOR  COMBATING  THE  DISEASE. 

As  sanitation  is  of  primary  importance  in  controlling  epizootics 
in  poultry,  the  following  measures  are  advised:  — 

(1)  Fowls  should  be  penned  off  from  the  free  range  at  the 
time  of  the  outbreak,  in  order  to  diminish  the  danger  of 
spreading  the  disease. 

(2)  All  in-contact  fowls  should  be  segregated ; the  sick  birds 
killed  and  the  carcases,  with  those  which  have  died  from 
the  disease,  destroyed  by  burning. 

(3)  The  droppings  should  be  collected  daily  and  burned  or 

sprayed  with  any  of  the  standard  disinfectants. 

(4)  The  walls,  floors,  and  perches  of  the  fowl-house  should  be 
sprayed  with  any  efficient  disinfectant. 

(5)  Remove  all  shade-producing  vegetation  from  t lie  old  runs 
and  work  in  (1  to  2 inches  deep)  unslaked  lime;  if  possible, 
allow  them  to  remain  unoccupied  until  after  the  winter. 

(6)  Add  half  teaspoonful  of  chloride  of  lime  to  every  four 
gallons  of  drinking-water. 

(7)  All  receptacles  for  food  and  water  should  be  scalded  with 
boiling  water  as  long  as  the  epizootic  rages. 

(8)  Spreading  of  the  disease  by  sparrows  or  other  possible 
vectors  should  be  controlled  by  the  use  of  suitable  netting. 

(9)  Birds  which  have  been  purchased  from  another  breeder 
should  be  isolated  in  a separate  pen  and  removed  as  far  as 
possible  from  the  fowl-runs  for  a period  of  two  weeks  in 
order  to  guard  against  the  introduction  of  disease.  Agglu- 
tination tests  should  be  carried  out  to  detect  carriers. 

Vaccine  T rent  merit. — In  the  past,  fowl  typhoid  vaccine  has  been 
issued  to  poultry  keepers  immediately  after  the  disease  has  been 
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diagnosed,  with  the  request  that  all  healthy  fowls  be  removed  to  clean 
ground  and  vaccinated.  Judging  from  letters  received,  it  would 
appear  that  vaccine  treatment  lias  given  encouraging  results.  The 
dose  prescribed  is  1 c.c.  per  fowl  to  be  inoculated  subcutaneously  on 
the  inside  of  the  thigh  or  under  the  wing.  Apparently  better  results 
are  to  be  expected  in  natural  rather  than  artificial  (per  os)  infections. 

SUMMARY  AND  CONCLUSIONS. 

(1)  Fowl  typhoid  is  at  present  the  commonest  and  apparently  the 
most  serious  bacterial  disease  of  poultry  in  South  Africa. 

(2)  It  often  simulates  fowl  cholera  very  closely  both  in  virulence 
and  post-mortem  lesions,  and  there  may  be  manifested  even  haemo- 
rrhages on  the  epicardium  in  exceptional  cases. 

(3)  Fowl  cholera  is  unknown  in  the  Transvaal  and  has  not  been 
bacteriologically  diagnosed  elsewhere  in  the  Union. 

(4)  All  breeds  are  susceptible  and  those  affected  are  generally 
in  the  best  of  condition.  The  disease  seems  to  be  confined  mainly  to 
adult  birds. 

(5)  Tbe  disease  is  a bacteriaemia  and  the  causal  organism  can 
always  lie  recovered  from  the  subclavian  vein  during  the  fever 
reaction. 

(6)  The  organism  still  predominates  in  the  heart  blood  even  after 
post-mortem  changes  are  already  advanced. 

(7)  Some  strains  are  much  more  virulent  for  laboratory  animals 
than  others. 

(8)  The  disease  was  transmitted  to  fowls  on  three  occasions  In- 
feeding  freshly  isolated  cultures.  Pigeons  fed  per  os  showed  no  ill- 
effects. 

(9)  Fowls  which  have  passed  through  the  disease  experimentally 
liarbour  S.  gallinaruvi  for  a long  period  in  the  following  organs:  cyst 
on  the  auricle,  leucosis-like  nodule  of  the  ventricle,  diseased  ovaries, 
abdominal  yolk  adhesions,  and  exceptionally  in  the  gall-bladder. 
Some  fowls  which  are  in  contact  with  such  carriers  develop  agglu- 
tinins in  their  blood.  There  is  thus  ample  time  for  S.  gallinaruvi  to 
persist  in  pathological  conditions  of  fowls  which  have  survived  an 
attack  of  fowl  typhoid  when  imported  from  abroad. 

(10)  The  sera  of  South  African  strains  of  S.  gallinanun  aggluti- 
nate E.  typ/ii,  S.  pullorum,  S.  abortivo-equinus  isolated  locally, 
but  not  S.  aertrycke,  S.  suipestifer,  S.  paratyphi , and  S.  schott • 
mulleri. 

(11)  Vaccine  treatment  apparently  protects  against  natural 
infections. 

SALMONELLA  AERTRYCKE  INFECTION  OF  CANARIES. 

On  two  occasions,  severe  epiornithics  among  canaries  have  been 
investigated  in  the  Union,  and  in  each  instance  a member  of  the 
Salmonella  group  was  isolated.  On  further  study,  the  organism  was 
identified  as  a type  of  Salmonella  aertrycke.  This  is  not  only  of 
veterinary,  but  also  of  medical  interest,  as  this  organism  is  held  to 
be  the  main  cause  of  food-poisoning  in  man.  In  a previous  article 
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by  Yiljoen  and  Martinaglia  (1926),  Salmonella  aertrycke  was  also 
incriminated  in  a case  of  calf  paratyphoid  fever.  Tn  canaries, 
diseases  attributed  to  paratyphoid  B.  organisms  were  first  described 
by  Joest  (1900)  and  latei  observed  by  Gilruth  (1910),  Pf'eiler  (1911), 
Adam  and  Meder  (1912),  ITarkin  (1920),  who  recorded  a mortality 
of  75  per  cent.,  and  Gray  (1928).  Beaudette  and  Edwards  (1925) 
recorded  (lie  first  11.  aertrycke  infection  of  canaries.  They  investigated 
an  outbreak  in  Xew  Jersey,  where  there  was  a death  rate  of  35  per 
cent. 

During  the  summer  of  1925  an  outbreak  of  salmonellosis  in 
canaries  was  diagnosed  in  Xatal  by  Mr.  1).  T.  Mitchell,  M.R.C.V.S., 
and  the  writer,  the  first  instance  in  the  Union  where  this  organism 
was  identified  as  a pathogenic  entity  of  canaries.  Since  then  a case 
occurring  in  an  aviary  on  the  Hand  has  been  diagnosed  by  Dr.  E.  M. 
Robinson  at  Onderstepoort.  Tn  these  cases  the  owners  incurred  heavy 
losses. 

On  investigation,  the  main  clinical  features  were:  lfuffled 

feathers,  depression,  and  accelerated  breathing.  The  chief  post- 
mortem appearances  were  : rigor  mortis,  enlarged  spleen,  enteritis, 
and  sometimes  hyperaemia  of  the  liver.  Blood-smears  stained  with 
Giemsa  showed  the  presence  of  small  rod-shaped  organisms,  but  they 
were  not  plentiful.  The  organisms  were  isolated  in  pure  culture 
from  the  heart  blood  and  spleens  of  dead  canaries  sent  in  for  autopsy, 
also  from  sick  ones  which  were  subjected  to  an  overdose  of  chloroform. 

Altogether,  three  strains  of  the  organisms  were  studied;  these 
were  culturally,  biochemically,  and  serologically  identical.  Two 
were  isolated  from  spleens  and  one  from  heart  blood. 

BACTERIOLOGY. 

If  orphnloy  y . — Gram-negative  rods  with  rounded  ends.  Occasion- 
ally coceal  or  an  exceptionally  long  rod  may  be  seen.  They  occur 
singly  and  are  moderately  motile,  stain  well  with  all  the  common 
stains  employed  in  the  laboratory,  especially  carbol-fuchsin. 

Cultural  Features. — Atjar:  On  plain  agar  there  is  abundant 

growth  within  24  hours  after  inoculation.  Single  colonies  are  bluish- 
grev,  smooth  shiny,  circular,  slightly  convex,  with  entire  margin. 
On  agar  slant  there  is  a fi  Hi  form  confluent  rich  greyish  growth. 

/hath:  (tn  plain  broth  there  is  turbidity  within  It!  hours  after 
inoculation.  There  is  generally  a ring  and  thin  grey  pellicle;  later, 
sediment  collects  at  the  bottom  of  the  tube. 

Gelatine  : Oh  plates,  colonies  appear  bluish-grey  with  undulate 
margin  after  a few  days  at  room  temperature. 

On  stab  there  is  progressive  spread  of  surface  growth,  with 
moderate  filiform  growth  along  the  track  of  the  needle  and  no 
liquefaction . 

Potato-.  On  this  medium,  growth  is  not  vigorous  nor  charac- 
teristic. 


Biochemical  Reaction. 

Litmus  Milk. — There  is  an  initial  acidity  for  about  36  hours 
after  inoculation  followed  by  progressive  alkalinity. 
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Mill'. — After  incubation  of  a week  to  III  days  ibis  medium  turns 
slightly  yellowish. 

Lead  acetate  agar.— A brownish  black  line  develops  along1  the 
stab  within  24  hours  after  incubation. 

Indol. — Not  formed. 

Nitrates  are  reduced  to  nitrites. 

Tt  ferments  sodium  d.  tartrate  differential  medium  of  Jordan  ami 
Harmon  within  24  hours. 

C A It  BOHYDR  ATE  1 1 EACT I ONS . 

This  medium  consists  of  distilled  water  containing  1 per  cent, 
peptone,  Andrade’s  indicator,  and  1 per  cent,  of  the  test  substance. 
Saccharose,  dextrin,  erethrite,  inulin,  raffinose,  saliein,  nutrose,  and 
lactose  were  not  attacked. 

Arabinose,  rhamnose,  galactose,  glucose,  mannite,  sorbite,  mal- 
tose, xylose,  dulcite,  laevulose,  mannose,  were  fermented  with  acid 
and  gas. 

1 nosite  was  fermented  without  gas  production. 

Glycerol  slightly  fermented  without  gas  production  and  reduction 
of  the  indicator  after  48  hours. 

SEROLOGICAL  I DENTIFICATION. 

Two  rabbits  were  immunized  with  the  canary  strain  at  weekly- 
intervals.  Each  rabbit  received  four  1 e.e.  injections:  one  intra- 
peritoneal  and  two  intravenous  of  killed  cultures,  followed  by  one 
intravenous  injection  of  live  culture. 

The  canary  anti-serum  was  tested  against  typical  Salmonella 
enteritidis,  S.  aertrycle , and  the  canary  organism.  It  failed  to  agglu- 
tinate S.  enteritidis.  but  S.  aertrycle  and  the  canary  strain  were 
agglutinated  to  the  title  limit  of  1 in  (i,40l)  dilution. 

The  serological  and  biochemical  tests  proved  that  the  organism 
isolated  from  canaries  belonged  to  the  aertrycke  group  of  Salmonella. 

PATHOGENICITY. 

Two  adult  fowls  were  each  given  one  broth  culture,  per  os,  witli- 
out  apparent  ill-effects. 

Two  rabbits  received  each  J c.c.  of  24-hour  broth  culture,  the  one 
subcutaneously,  the  other  intraperitoneally.  The  one  which  received 
the  intraperitoneal  injection  died  48  hours  afterwards;  the  other 
which  received  the  subcutaneous  dose  died  on  the  fourth  day. 

Two  guinea-pigs  which  were  injected  similarly,  and  with  the 
same  dose  as  the  rabbits,  also  succumbed.  The  one  which  was  injected 
intraperitoneally  died  80  hours  after  the  operation;  the  one  which 
received  the  subcutaneous  dose  died  on  the  third  day. 

The  animals  which  received  the  intraperitoneal  injection  showed 
peritonitis,  omental  suppuration,  orchitis,  and  in  the  case  of  the 
guinea-pig  also  excessive  fluid  in  the  thoracic  and  abdominal  cavities. 
Cultures  were  made  from  the  heart  blood  of  these  animals  during 
autopsy,  and  the  organisms  were  recovered  again  in  pure  culture. 
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DISCUSSION. 

Salmonella  aertrycke  is  apparently  the  most  cosmopolitan  of  the 
Snl nwnella  Jioup ; the  widespread  distribution  in  nature  is  due  to  its 
variety  of  animal  hosts.  It  is  the  cause  of  enteritis  in  mice,  guinea- 
pigs,  parrots,  squabs,  chickens,  and  occasionally  it  is  found  in  pigs, 
calves,  sheep,  and  man. 

The  occurrence  of  disease  in  an  aviary  may  follow  the  introduc- 
tion of  a carrier  or  the  contamination  of  food  and  water  by  faeces  of 
avian  and  rodent  vectors. 

Salmonella  schottmulleri  (II.  paratyphosus  B.),  as  has  been  shown 
by  Savage  and  White,  is  essentially  a Sal inonella  of  man,  and  shows 
much  more  host  specialization  than  the  closely  related  S.  aertrycke. 
The  importance  of  li.  paratyphosus  B.  as  a cause  of  disease  in  animals 
has  been  over-emphasized. 


BIBLIOGRAPHY. 

CALF  PARATYPHOID 

CHRISTIANSEN  (1915).  “ Die  Septikamische  colibaeillose  tier  Kalber,” 

Ellenberger  u.  Schutz.  Jaliresbericht , Vol.  35,  pp.  51-53. 

DAUBNEY  (1927).  “Paratyphoid  (Salmonella)  Infection  of  Calves  in  Kenya,” 
Vet  Bee.,  Vol.  7,  pp.  793-802. 

JENSEN  (1913).  “ Kalberruhr,”  Hamlb.  d<  r Pathog.  Mikroorg.,  Second  Ed., 

Vol.  6,  pp.  121-144,  lvolle  u.  Wassermann,  Verlag  von  Gustav  Fischer. 

JOEST  (1921).  “ Spezielle  Pathologische  Anatomie  der  Haustiere,”  Zweiter 

Band.  (Berlin:  Richard  Schoetz.) 

JORDAN  (1925).  “The  Differentiation  of  the  Paratyphoid  Enteritidis  Group,” 
■Till.  Inf.  Bis.,  Vol.  36,  pp.  309-329. 

KARSTEN  (1921).  “Der  Paratyphus  der  Kalber.”  (Berlin:  Rich.  Schoetz.) 

MaoCALLUM  (1922).  “Textbook  on  Pathology,”  Second  Edition,  p.  612. 
(S.  tY.  Saunders  & Co.) 

MEYER,  TRAUM,  and  ROADHOUSE  (1916).  “The  Bacillus  enteritidis  as 
the  Cause  of  Infectious  Diarrhoea  in  Calves,”  Jnl.  Atner.  Vet.  Med. 
Assn.,  Vol.  2,  pp.  17-35. 

NIEBERLE  (1928).  “ Ziir  pathologischen  Anatomie  des  Paratyphus  der 

Kalber,”  Arcli.  f.  Wissenscli.  u.  Peak.  Tierheilkunde,  Vol.  57  (6),  pp. 
521-538. 

POELS  (1899).  “ Rapport  over  de  Kalversiekte  in  Nederland.”  (s’Graven- 

hage.) 

ROBINSON  and  LAWRENCE  (1928).  “The  Rapid  Agglutination  Test  in  the 
Diagnosis  of  Paratyphoid  Infection  in  Calves,”  S.  Afr.  Jl.  Sc.,  Vol.  25, 
pp.  246-249. 

SAVAGE  and  WHITE  (1925).  “An  Investigation  of  the  Salmonella  Group, 
with  Special  Reference  to  Food  Poisoning,”  Med.  Bes.  Counc.  Special 
Series,  p.  91. 

THOMASSEN  (1897).  “ Une  nouvelle  septicemie  des  veaux,”  Ann.  de  Vinstit-ut 

Pasteur,  Vol.  11,  pp.  523-540. 

VILJOEN  and  MARTINAGLIA  (1926).  “The  Occurrence  of  Paratyphoid 
Bacillus  enteritidis  Infection  in  Calves  in  South  Africa,”  S.  Afr.  Jnl. 
Sc.,  Vol.  23,  pp.  532-544. 

VILJOEN  and  MARTINAGLIA  (1928).  “ Preliminary  Report  on  Investigation 

carried  out  in  connection  with  a Calf  Disease  in  the  Marico  District, 
with  Special  Reference  to  Paratyphoid  B.  enteritidis  Infection,” 
Thirteenth  and  Fourteenth  ltepts.  of  the  Dir.  Vet.  Educ.  and  Bes., 
pp.  535-549. 

S.  ABORTI VO-EQUINUS  INFECTION  IN  EQUINES. 

COMINOTTI  (1916).  “ Dell’  aborto  contagioso  del  cavalle,”  La  Clinica  Veteri- 

uaria,  p.  705,  quoted  by  McFadyean  and  Edwards. 


268 


G.  MAR  TIN  AG  LIA . 


DASS0NV1LLE  kt  RIVIERE  (1913).  “ Contribution  a l’e'tude  de  l’avorte- 

ment  epizootique  des  Juments.”  Ilev.  (fen.  Med.  I id.,  Vol.  21,  pp. 
237-252. 

DE  JONG  (1913).  “ Uebor  ein«jn  Bacillus  der  Paratyphus  B.  ente  ritidis-gruppe 

als  ursache  eiues  Seuchenhaften  Abortus  der  State, ” Centralbl.  Unit., 
Vol.  62,  pp  148-151. 

GOOD  and  COR  RETT  (1913).  “ Investigations  of  the  Etiology  of  Infectious 

Abortion  of  Mares  and  Jennets  in  Kentucky,”  J id.  Inf.  Dis.,  Vol.  13, 
pp.  53-68. 

GOOD  and  SMITH  (1914).  ‘‘  'flic  Bacillus  uhortirws  eg  u in  us  as  an  Etiological 

Factor  in  Infectious  Arthritis  of  Colts,”  Jnl.  Inf.  Dis.,  Vol.  15,  pp. 
347-349. 

JORDAN  (1925).  "The  Differentiation  of  the  Pa rat yphoid  enteritidis  Group,’' 
Jnl.  Inf.  Dis.,  Vol.  36,  pp.  309-329. 

KI1,  SATO,  NAKAMURA,  and  TOGUCHI  (1923).  “On  the  Infectious  Abor- 
tion of  Mares  in  Kamisita  District,  Aomori  Prefecture,”  Jap.  Sc.  ltpt. 
(fold.  Inst.  Inf.  Dis.,  Vol.  2,  pp.  89-90.  (Japan.) 

K1LBORNE  (1893).  “ An  Outbreak  of  Abortion  in  Mares,”  Hull.  3,  Hur. 

Animal  Indust.,  Dept.  Agric.,  U.S.A.,  pp.  49-52. 

LAUTENBACH  (1913).  “ Zur  aetiologie  des  seuchenhaften  Verwerfens  der 

Stuten  ."Cent  red  Id.  f.  Balct.,  Val.  71,  pp.  349-377. 

LIGNIFRES  (1897).  Quoted  by  Jordan. 

MAGNUSSON  (1919).  “Joint-Ill  in  Foals:  Etiology,”  Jnl.  Comp.  Path,  and 
Tlierap.,  Vol.  32,  pp.  143-182. 

M'FADYEAN  and  EDWARDS  (1917).  “ Contagious  Abortion  in  Mares  and 

Joint-Ill  in  Foals:  Etiology  and  Serum  Treatment,”  Comp.  Path,  and 

Tlierap.,  Vol.  30,  pp.  321-366. 

MEYER  and  BOERNER  (1913).  “ Studies  on  the  Etiology  of  Epizootic  Abor- 

tion in  M ares,”  Jnl.  Med.  lies.,  Vol.  29,  p.  325.  Abstracted  in  Ellen- 
berger  & Schiitz’s  Jahrbericht,  Vol.  33,  p.  96. 

MIESSNER  and  BERGE  (1917).  “ Der  Paratyphus  abortus  equi  als  Ursache 

des  seuchenhaften  Verfohlens  in  Deutschland,”  Deutseh.  Tier.  Woch., 
Jahrgang  25. 

MURRAY  (1919).  “ The  Cause  of  Abortion  in  Mares,”  Jnl.  Inf.  Dis.,  Vol.  25, 

pp.  341-348. 

POLJAKOV  (1904).  Quoted  by  Magnusson. 

SCHOFIELD  (1914).  The  Etiology  of  Pyemic  Arthritis  in  Foals,”  Jnl.  Inf. 
I)is.,  Vol.  15,  pp.  409-416. 

SMITH  (1893).  “On  a Pathogenic  Bacillus  from  the  Vagina  of  a Mare  after 
Abortion,”  Bull.  No.  3,  Bur.  Animal  Indust.,  Dept.  Agric.,  U.S.A., 
pp.  53-59. 

TURNER  (1894).  “ Infectious  Abortion  in  Mares,”  .Inter.  Yet.  Ilev.,  Vol.  17, 

p.  187,  quoted  by  M’Fadyen  and  Edwards. 

VAN  HEELSBERGEN  (1913).  “Abortus  bei  Stuten  durch  einen  Pa  rat  yh  pus 
B.  bacillus,”  Central  Id . Baht.,  Vol.  72,  pp.  38-70. 

BACILLARY  WHITE  DIARRHOEA  OF  CHICKENS. 

BEAUDETTE  (1925).  “ Bacillary  White  Diarrhoea,”  Poultry  Sc.,  Vol.  4, 

pp.  205-224. 

DOYLE  (1925).  “ Bacillary  White  Diarrhoea  of  Chickens,”  •//.  Coni]).  Path. 

Therap.,  Vol.  38,  pp.  266-282. 

DONATIEN,  PLAUT UREAUX,  kt  LESTOQUARl)  (1921).  “ La  Typhose 

Aviarire  en  Algerie,”  Rev.  (Jen.  Med.  Yet.,  Vol.  33,  p.  65. 

GAGE  (1911).  “ Notes  on  Ovarian  Infection  with  Baeteiium  pullorum  (Rettger) 

in  the  Domestic  Fowl,”  Jl.  Med.  Res.,  Vol.  24,  pp.  491-496. 

GAGE,  PAIGE,  and  HYLAND  (1914).  “On  the  Diagnosis  of  Infection  with 
Bacterium  pullorum  in  the  Domestic  Fowl,”  Bull.  148,  Massachusetts 
Exp.  St n. 

GAGE  and  PAIGE  (1915).  “ Bacillary  White  Diarrhoea  ( Bacterium  pullorum 

Infection)  in  Young  Chicks  in  Massachusetts,”  Bull.  163,  Mass.  Aar. 
Exp.  Stn. 


ORGANISMS  OF  THE  “ SALMONELLA  ” GROUP. 


GAGE  and  M'ARTIN  (1916).  “ Notes  on  the  Histo-pathology  of  the  Intestines 

in  Young  Chicks  infected  with  Bacterium  pullorum,”  Jl.  Med.  lies .,  Yoi. 
34,  pp.  149-156. 

JONES  (1910).  “ Fatal  Septicaemia  or  Bacillary  White  Diarrhoea  in  Young 

Chickens,”  Kept.  New  York  State  Vet.  Coll.,  pp.  111-129. 

JONES  (1911).  “ Further  Studies  on  Bacillary  White  Diarrhoea  in  Young 

Chickens,”  Rept.  New  York  State  Vet.  Coll.,  pp.  69-88. 

JONES  (1911-1912).  “ An  Outbreak  of  an  Acute  Disease  in  Adult  Fowls  due  to 

Bacterium  pullorum,”  Rept.  New  York  State  Vet.  Coll.  (1911-12),  pp. 
140-148. 

JONES  (1911-12).  “ I he  Value  of  the  Macroscopic  Agglutination  Test  in 

detecting  Fowls  that  are  harbouring  Bacterium  pllorum,”  Rept.  New 
York  State  Vet.  Coll.,  pp  149-158. 

MARTINAGLIA  (1928).  “Fowl  Typhoid  and  Bacillary  White  Diarrhoea,” 
■Jl.  S.  Afr.  Vet.  Med.  Assn.,  Vol.  1,  No.  2,  pp.  77-81. 

RETTGER  (1900).  “Septicaemia  among  Young  Chickens,”  New  York  Med. 
■JL,  Vol.  71,  pp.  803-805. 

RETTGER  and  HARVEY  (1908).  “ Fatal  Septicaemia  in  Young  Chickens  or 

‘ White  Diarrhoea,’  ” .Jl.  Med.  Res.,  Vol.  18,  pp.  277-290. 

RETTGER  (1909).  “ Further  Studies  on  Fatal  Septicaemia  in  Young  Chickens 

or  ‘White  Diarrhoea,’  ” .Jl.  Med.  Res.,  Vol.  21,  pp.  115-123. 

RETTGER  and  STONEBURN  (1909).  “ Bacillary  White  Diarrhoea  of  Young 

Chickens,”  Bull.  60,  Starrs  Agric.  Exp.  Stn. 

RETTGER  and  STONEBURN  (1911).  “ Bacillary  White  Diarrhoea  of  Y'oung 

Chicks”  (Second  Rept.),  Bull  68,  Stores  Agric.  Exp.  Stn. 

RETTGER,  KIRKPATRICK,  and  STONEBURN  (1912).  “Bacillary  White 
Diarrhoea  of  Young  Chicks”  (Third  Rept.),  Bull.  74.  Storm  Agric.  Exp. 
Stn. 

RETTGER  (1914).  “ Ovarian  Infection  of  the  Domestic  Fowl  and  Direct  Trans- 

mission of  the  Disease  to  the  Offspring,”  .//.  Exp.  Mnl.,  Vol.  19,  pp. 
552-561. 

RETTGER,  KIRKPATRICK,  and  JONES  (1914).  “ Bacillary  White  Diarrhoea 

of  Young  Chicks,”  Bull.  77,  Stores  Agric.  Exp.  Stn. 

RETTGER.  KIRKPATRICK,  and  CARD  (1915).  “Milk  Eeeding  and  Its 
Influence  on  Growth  and  Mortality:  Comparative  Study  of  the  Value 
of  Sweet  and  Sour  Milk,”  Bull.  80,  Stores  Agric.  Exp.  Stn. 

RETTGER,  KIRKPATRICK,  and  JONES  (1915).  “ Bacillary  White  Diarrhoea 

of  Young  Chicks,”  Bull.  85,  Stores  Agile.  Exp.  Stn. 

RETTGER,  HULL,  and  STURGES  (1916).  “Feeding  Experiments  with  Bac- 
terium. pullorum:  The  Toxicity  of  Infected  Eggs,”  ■//.  of  Exp.  Med., 
Vol.  23,  pp.  475-489. 

RETTGER,  KIRKPATRICK,  and  JONES  (1916).  “ Bacillary  White  Diarrhoea 
of  Young  Chickens”  (Sixth  Report),  Bull.  88,  Stores  Agric.  Exp.  Stn. 

RETTGER  and  KOSER  (1917).  “ A Comparative  Study  of  Bacterium  pullorum 

(Rettger)  and  Bacterium  sanguinarium  (Moore),”  Jl.  Med.  Res.,  Vol.  35, 
pp.  443-448. 

RETTGER,  KIRKPATRICK,  and  CARD  (1919).  “ Bacillary  White  Diarrhoea 

of  Young  Chicks  ” (Seventh  Rept.),  Bull.  101,  Stores  J?.rp.  Stn. 

FOWL  TYPHOID. 

BERGEY  (1925).  “Manual  of  Determinative  Bacteriology.”  (Williams  & 
Wilkins  Company,  Baltimore.)  Second  Edition.  1925. 

BEAUDETTE  (1925).  “ The  Possible  Transmission  of  Fowl  Typhoid  through 

the  Egg,”  Jl.  Amec.  Vet.  Assn.,  Vol.  20,  pp.  741-745. 

CURTICE  (1902).  “ Fowl  Typhoid,”  Rhode  Island  Age.  Stn.  Bull.  87. 

1)E  KOCK  (1928).  “ Lymphoid  Hyperplasias  and  Allied  Tumours  in  the  Fowl,” 

Jl.  S.  Afr.  Vet.  Mcil.  Assn.,  Vol.  1,  p.  73. 

DONATIEN,  PLANT U R E A U X , et  LESTOQUARD  (1924).  “ La  Typhose 

Aviaire  en  Algerie,”  Rev.  Gen.  de  Med.  I ’et.,  Vol.  33,  pp.  65-83. 

EDINGTON  (1924).  “The  Bacterial  Study  of  Fowl  Typhoid  and  Allied  Infec- 
tions, with  Special  Reference  to  Three  Epidemics,”  Jl.  Bath.  Bad., 
Vol.  27,  pp.  427-437. 


270 


G.  MARTINA  GLIA. 


GAY  ATKIN  (1923).  “ Rapid  Agglutination  Method  (Macroscopic),”  Ontario 

Vet.  Coll.  Kept.,  pp.  42-44. 

HADLEY  ELKINS,  and  CALDWELL  (1918).  “ The  Colon-Typhoid  Inter- 
mediates as  Causative  Agents  of  Disease  in  Birds:  I.  The  Paratyphoid 

Bacteria,”  Hull.  174,  Agric.  Exp.  Stn.,  Id.  State  Coll.,  TJ.S.A. 

HUDDLESTONE  and  CARLSON  (1926).  “ A Rapid  Method  for  Performing 

t lie  Agglutination  1'est  in  the  Serum  Diagnosis  of  Bang’s  Abortion  Disease 
in  Cattle,”  Jl.  Amer.  Vet.  Med.  Assn.,  Vol.  23.  pp.  229-233. 

KAUPP  and  DEARSTYNE  (1924).  “Chronic  Carriers  in  Fowl  Typhoid,”  Jnl. 
Airier.  Vet.  Med.  Vol.  17,  p.  329. 

KLEIN  (1889).  “ Ueber  eine  epidemische  Krankheit  del'  Hiihner  verursac-ht 

durch  einen  Bacillus  gallinarum,”  Gentralbl.  f.  Bait.,  Vol.  5,  pp.  689- 
693. 

LEMA1STRE  (1869).  “Epizootic  (Typhus)  des  gallinaces  observee  dans  la 
Haute-Viesne  en  1864,”  Bee.  Mid.  Vet..,  pp.  376-389. 

MARTINAGLIA  (1926).  “ Fowl  Typhoid,”  Jl.  Dept.  Agric.,  S.  Africa,  Vol.  12, 
pp.  298-304. 

MOORE  (1895-96).  “Infectious  Leukemia  in  Fowls,”  U.S.A.  Dept.  Agric., 
V2th  and  13f h Bepts.,  pp.  187-205. 

MULSOW  (1919).  “ The  Differentiation  and  Distribution  of  the  Paratyphoid 

enteritidis  Group:  AM.  Avian  Paratyphoid  bacilli:  A Comparative  Study 
of  B.  pullorum  and  B.  sgnguinarium ,”  Jl.  Inf.  Dis.,  A'ol.  25,  pp.  135-162. 

PERRONCITO  (1877-1878).  “ Epizoogia  tifoide  nei  gallinacei,”  Aron.  B.  Accad. 

Agr.,  Torino,'’  Vols.  20-21,  pp.  89-124,  quoted  by  Hadley,  Elkins,  and 
Caldwell  (1918). 

PFEILER  u.  REHSE  (1913).  “ Bacillus  typlii  gallinarum  alcalifaciens  und 

die  durch  ihn  verursacht  Hiihnerseuche,”  Mittgn.  a.  d.  Kcriz.  Wdh.  Inst, 
f.  Land  sur  Bromberg ,”  A'ol.  5,  pp.  306-321.  Abstracted  (1913)  in  Centbl. 
Bald.,  A'ol.  58,  p.  575. 

PFEILER  u.  ROEPKE  (1917).  “ Zweite  Mitteilung  iiber  das  Auftreten  des 

Hiihnertvphus  und  die  Eigenschaften  Seines  Erregers,”  Centbl.  f.  Bald., 
ATol.  79,  p.  125. 

SMITH  (1894).  Quoted  by  Moore  in  Moore’s  “ Pathology  and  Differential 
Diagnosis  of  Infectious  Diseases  of  Animals.”  (The  Macmillan  Com- 
pany.) Fourth  Edition,  p.  77. 

SMITH  and  TEN  BROECIv  (1915).  “Agglutination  Affinities  of  a Pathogenic 
Bacillus  from  Fowls  (Fowl  typhoid)  (B.  sanguinarium,  Moore)  with  the 
Typhoid  of  Man.”  Jl.  Med.  lies.,  A'ol.  31,  pp.  503-521. 

TAYLOR  (1915).  “ A Report  upon  an  Outbreak  of  Fowl  Typhoid,”  JL  Amer. 

Vet.  Mccl.  .issn.,  A'ol.  2,  pp.  35-47. 

TE  HENNEPE  (1923).  Vet  Jnl.,  Vol.  79,  pp.  314-318. 

TR INCAS  (1908).  “ Sulla  batteriologia  del  considerato  colera  dei  polli,”  Dior. 

B.  Soc.  ltal.  d’igiene,  A7ol.  33,  pp.  385-396. 

TRUCHE  (1923).  “ De  la  typhose  Aviaire ,”  Ann.  de  Vlnst.  Pasteur,  Arol.  37, 

pp.  478-497. 

A' AN  STRAATEN  u.  TE  HENNEPE  (1918).  “Die  Kleinsche  Hiinerseuche,” 
Folio  Microb.,  Vol.  5,  pp.  103-125. 

CANARY  PARATYPHOID. 

ADAM  und  MEDER  (1912).  “ Ueber  Paratyphus  B.  Infektionen  bei  Kanarien- 

vogeln  u.  Untersuchungen  iiber  das  Vorkommen  van  Bakterien  der  Coli — 
Typhusgruppe  im  normalen  Kanarienvogeldarm,”  Centratbl.  f.  Bald., 
A'ol.  62,  pp.  569-582. 

BEAUDETTE  (1925).  “ B.  aertrycke  Infection  in  Canary  Birds  and  Parrots,” 

Jnl.  Amer.  Vet.  Med.  Assn.,  Vol.  21,  pp.  642-643. 

GILRUTH  (1910).  “Diseases  of  Canaries,”  IV/.  Jnl.,  A’ol.  17,  pp.  655-658. 

GRAA’  (1928).  “Septic  Fever,  or  Paratyphoid  in  Canaries  and  other  (’age  or 
Aviary  Birds,”  Vet.  ltec.,  Vol.  8,  pp.  733-734. 

HARKINS  (1926).  “ Bacillus  Paratyphosus  B.  Infection  of  Canary  Birds,” 

Jnl.  Amer.  Vet.  Med.  Assn.,  A'ol.  22,  pp.  376-378. 

JOES'!  (1906).  “ Eine  durch  Bakterien  der  Enteritis-gruppe  verursachte 

Kanarienvogelseuche,”  Her.  Tieriirtz.  Iloclischulc,  Dresden,  A'ol.  1.  p.  11(1. 


271 


ORGANISMS  OF  THE  “ SALMONELLA  ” GROUP. 


MARTJNAGLIA  (1928).  “ The  Occurrence  of  Salmonella  aertrycke  Infection  of 

Canaries  in  South  Africa,”  S.  Afr.  Jnl.  Sc.,  Vol.  25,  pp.  250-252. 

PFEILER  (1911).  “ Ueber  ein  seuchenhaftes,  durch  Bakterien  aus  den  Para- 

tvphusgruppe  verursachtes  Kanariensterben,”  M erl.  Tierartz.  Wochensch., 
Vol.  27,  pp.  953-954. 

SAVAGE  and  WHITE  (1925).  “ An  Investigation  of  the  Salmonella  Group, 

with  Special  Reference  to  Food  Poisoning,”  Med.  lies.  Coune.,  Special 
lie  pi  . Series.,  No.  91. 


272 


G.  MARTlNAGT.IA  . 


Figs.  1-6  and  Charts  1-4. — Calf  Paratyphoid. 


Fig.  1. 

al  ly  Calf  Paratyphoid  lesion,  showing  focal  hyperaemia  and  beginning  of 
necrosis  of  liver  cells.  Note  pyknosis  of  nuclei. 


Fig.  2. 

More  advanced  focus,  showing  local  destruction  of  liver  cells  with 
influx  of  red  blood  cells. 
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Fig.  3. 

Advanced  Calf  Paratyphoid  focus  of  liver,  showing  necrobiosis 
and  leucocytic  infiltration. 
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Fig.  4. 

Human  Typhoid  fever  focus  of  the  liver.  Reproduced  from 
MacCallum’s  Text-book  of  Pathology. 


Fig.  5. 

Calf  Typhoid,  showing  diffuse  acute  parenchymatous  hepatitis. 
Note  thrombo-phlebitis. 
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Fig.  6. 

Calf  Typhoid  spleen.  Note  necrotic  foci. 
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Chart  2. 
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Figs.  7-17. — Tendo-Vaginitis  of  Horses. 


Fig.  7. 

Horse  No.  I06I8,  showing  tendo-vaginitis  of  post-carpal  sheath 
following  Horse-sickness  inoculation. 
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Fig.  8. 

Horse  No.  15529.  Rupture  of  main  tendon  of  post-carpal  sheath 
sequent  to  Horse-sickness  immunization. 


Fig.  9. 

Abortivo  equinus.  Onderstepoort  strain  48  hours’  agar  culturi 
Carbol  fuchsin.  X 1000. 
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Fig.  10. 

.S',  abortivo  equinus  American  strain  48  hours’  agar  culture. 
Car  bo!  fuchsm.  x 1000. 


8. 


Fig.  11. 


abortivo  equinus.  Mule  strain,  48  hours’  a^ar 
Carbol  fuchsin. 


culture. 
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s. 


abort ivo 


equinus,  freshly  isolated  Onderstepoort  strain, 
agar  culture.  Dilute  carbol  fuchsin.  X 100U. 


36  hours’ 


Fig.  13. 

S'  ubortivo  equinus,  48  hours’  potato  culture.  Dilute 
carbol  fuchsin.  X 1000. 
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Fig.  14. 

-S',  abortivo  eqvinus,  24  hours’  serum  agar  culture 
carbol  fuchsin.  x 1000. 


Ziehl’s 
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Fiu.  15. 

•S’,  abortivo  equinus,  Onderstepoort  strain.  Six  days’  old  agar  culture.  X 4. 
Showing  concentric  ringed  appearance  of  colonies,  and  wrinkling  near 
condensation  water. 
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Fig.  16. 

Ten  days  old  broth  cultures  of  Onderstepoort  liorse  and  mule  strains  of 
S,  abortivo  equinus,  showing  characteristic  papery  pellicle. 


Fig.  17. 

On  gelatin,  four  days  old  thinly  seeded  colonies. 
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Figs.  18-19a. — Bacillary  White  Diarrhoea  of  Chickens. 
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Fig.  18. 

Lesion  of  Bacillary  White  Diarrhoea  in  liver  of  chicken.  Necrotic  focus. 


Fig.  19. 

From  drawing.  Same  as  above. 
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Agglutination  Test  for  B.W.D. 


Serum  Dilutions. 
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Figs.  20-32  and  Charts  5-6. — Fowl  Typhoid. 


Fig.  20. 

Bird  suffering  from  Experimental  Fowl  Typhoid  in  extremis. 


Fig.  21. 

From  two  selected  fields  in  blood  smear  showing  Fowl  Typhoid 
bacteria  and  leucoeytosis.  From  drawing. 


288 


G.  MARTINAGLIA. 


Fig.  22. 

Fowl  Typhoid,  autopsy  showing:  (L)  enlarged  liver,  and  (Sp)  Spleen, 
artificial  infection. 


Fig.  23. 

Fowl  Typhoid  S.  gallinarum  first  generation.  X 1000. 
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Fig.  24. 

Tumour  on  heart,  cyst  on  auricle  and  myo-pericarditis,  from  which  S.  gallinurum 
was  isolated.  Three  months  after  artificial  infection.  See  Fig.  32. 
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Fig.  25. 

Diseased  ovaries  in  experimental  Fowl  Typhoid,  from  which  S.  gallinarum 
was  isolated.  Three  months  after  artificial  infection. 


Fig.  26. 

Liver.  Fowl  Typhoid  focus,  partial  necrosis,  showing  round  cells 
(Drawing.) 
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Fig.  27. 

Liver.  Fowl  Typhoid  focus,  partial  necrosis,  showing  round  cells 
and  eosinophilic  leucocytes. 

(Drawing.) 


Fig.  28. 

Liver.  Fowl  Typhoid.  Portion  of  focus  showing  cellular  remnants 
and  coagulation  necrosis. 
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Fig.  29. 

Same  as  above.  Higher  magnification. 
(Drawing.) 


Fig.  30. 

Myocardium  natural  infection  of  Fowl  Typhoid  showing  myo-pericarditis 
and  extensive  cellular  infiltration. 

(Drawing.) 
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Fig.  32. 

Heart  lesion  in  experimental  Fowl  Typhoid  three  months  after  infection. 
Note  cellular  infiltration  and  atrophy  of  musculature. 
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The  Guinea  Worm  of  the  Ostrich,  ('onto  ftospi- 
culuin  spicularia. 

Hypodontus  macropi,  n.  g’en.,  n.  sp.  A Hook- 
worm of  the  Kangaroo. 

Filarinema  flagrifer,  n.  gen.,  n.  sp.  A Tricho- 
strongylid  Parasite  of  the  Kangaroo. 

Agnostomum  equidentatum,  n.  sp.  A Hookworm 
of  tlie  Springbuck. 

Investigations  into  the  Life-History  of  the  Tape- 
worm, Moniezia  expansa. 

Physaloptera  cams,  n.  sp.  A New  Nematode 
Parasite  of  the  Dog. 

Morphology  of  a Schistosome  ( Schistosoma 
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Province. 
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Two  Species  of  Hoc monchvs,  Cobb,  1898,  Para- 
sitizing the  Camel  in  rhe  Cape  Province. 

A Preliminary  Report  on  Three  New  Members 
of  the  Genus  Haemonchus,  Cobb,  1898,  from 
Antelopes  in  South  Africa. 

On  an  Oesophagostome  ( Oesophagostomum 
susannae,  sp.  nov.)  from  the  Springhare 
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closely  related  Species. 

On  a Hookworm  (Agnostomum  gorgonis,  sp. 
nov.)  from  the  Blue  Wildebeest  ( Gorgon 
taurinus ) in  the  Transvaal. 

Notes  on  some  South  African  Ticks  with  Descrip- 
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South  African  Hosts. 
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15tli  Annual  Report  of  the  Director  of  Veterinary  Services, 
Union  of  South  Africa.  October,  1929. 


The  “Guinea  Worm”  of  the  Ostrich, 
Contortospiculum  spicularia. 


By  H O.  MONNJG,  B.A.,  Ph.B.,  B.V.Sc.,  Research  Officer, 
Onderstepoort. 


This  worm  was  first  described  by  Neumann  (1909)*  under  the  name 
of  Filaria  spicularia,  the  material  having  been  obtained  from  Mr.  J. 
]).  Borthwick,  ex-Ohief'  Veterinary  Officer  of  the  Union  of  South 
Africa,  from  South  African  ostriches. 

The  parasite  has  received  little  attention  since  that  time  and  is 
not  mentioned  in  most  textbooks.  Obviously  it  does  not  belong  to  the 
genus  Filaria  as  the  latter  has  been  defined  in  recent  works,  but 
apart  from  this  the  original  description  gives  quite  a fair  picture  of 
the  parasite. 

On  account  of  the  apparent  general  uncertainty  and  hesitation 
to  accept  and  to  place  this  worm,  the  material  available  at  Onderste- 
poort was  studied,  and  the  following  account  is  given  of  it:  — 

Contortospiculum  spicularia  (Neumann,  1909). 

Syn.  Filaria  spicularia  Neumann,  1909. 

Very  large,  white  worms,  slightly  tapering  towards  the 
extremities.  The  cuticle  has  fine  transverse  striations  and  its  thick- 
ness corresponds  to  the  size  of  the  worm. 

The  worms  taper  only  slightly  at  the  anterior  end.  The  mouth 
is  terminal,  oval,  with  its  longest  diameter  dorso-ventral,  and  is 
surrounded  by  a large  cuticular  plate  from  which  there  projects  on 
either  side  of  the  mouth  a lip-like  process.  In  some  specimens  one  or 
both  of  these  processes  may  be  bifid  (Fig.  1).  They  are  .032  mm. 
high  and  stand  .12  mm.  apart.  They  are  flattened  medially  and 
convex  laterally.  Idle  cuticular  plate  is  irregularly  oval,  its  long 
diameter  measures  .44  mm.  in  a large  female,  and  it  ends  laterally 
on  either  side  of  the  mouth  in  an  epaulette-like,  trilobed  process. 
Each  of  these  processes  bears  a papilla,  the  submedian  papillae  being 
larger  than  the  lateral.  There  are  on  each  side  also  two  smaller 
papillae  in  the  notches  between  the  processes  and  another  two  small 
papillae  near  the  bases  of  the  submedian  processes,  making  a total 
of  seven  papillae  on  either  side  (Fig.  2).  The  cuticular  plate  is 
surrounded  by  a rim  of  cuticle  which  is  smooth,  slightly  thicker  than 
the  rest  of  the  body  cuticle  and  thus  marked  off  from  the  latter. 


* Nkuman,  I>.  G.,  “ La  Filaire  de  l’Autruche  (Filaria  sjiirularia , a.  sp.),” 
Iter  up.  Veterinaire,  Toulou&e,  34,  (9),  544-549,  1909. 
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Neumann  describes  only  the  four  large  submedian  papillae  and 
considers  the  two  lateral  papillae  to  be  small  openings  connected  with 
the  lateral  lines.  He  also  says:  “ La  peripherie  de  l’ecusson  est 
occ.upee  par  une  zone  ondulee,  formee  de  tres  fines  asperites 
rayonna-ntes, ” which  is  probably  the  smooth  rim  of  cuticle  through 
which  the  muscle  fibres  are  visible. 

The  mouth  opens  immediately  into  the  oesophagus,  which  has  a 
short  muscular  portion,  0.68  mm.  long,  of  conical  shape,  followed 
by  a very  long,  thick  glandular  portion  measuring  67  mm.  by  1.2 
mm.,  which  narrows  suddenly  to  join  the  intestine,  a delicate  tube 
0.46  mm.  wide,  which  runs  straight  through  the  body  to  the  anus. 
These  measurements  were  taken  from  a large  female  after  dissection. 

The  male  is  up  to  34  cm.  long  and  1.3  mm.  thick.  The  hind 
end  (Fig.  3)  is  slightly  curved  ventrad  and  bears  medium-sized 
caudal  alae  which  meet  behind  the  tip  of  the  tail  and  form  a circular 
expansion  0.5  mm.  in  diameter.  The  cloaca  has  salient  lips  and  is 
surrounded  by  four  pairs  of  pedunculated  pre-cloacal  papillae  and 
one  pair  of  pedunculated  post-cloacal  papillae  which  support  the 
caudal  alae.  Near  the  tip  of  t lie  tail  and  not  supporting  the  alae 
there  are  on  either  side  another  two  small  papillae,  of  which  one 
stands  lateral  to  the  other  and  has  a short  peduncle.  Neumann 
describes  only  one  pair  of  papillae  at  the  tip  of  the  tail. 

There  are  two  spicules.  The  left  is  1.5  mm.  long,  stout  and 
somewhat  twisted,  it  has  alae  which  are  rolled  inwards  so  as  to  form 
a tube  and  bears  fine  tubercles  in  about  the  middle  third  of  its  length. 
The  head  of  the  spicule  is  knobbed  and  the  point  is  sharp.  The 
right  spicule  is  1.1  mm.  long,  stout,  a late,  and  bears  about  11  strong 
corrugations,  resembling  the  teeth  of  a saw,  on  the  ventral  aspect  of 
its  distal  half.  The  head  is  knobbed,  the  point  is  not  quite  sharp  and 
is  curved  slightly  ventrad.  Neumann  describes  the  left  spicule  as 
simple,  homogeneous,  .1  mm.  long  and  ending  in  a point  at  either 
end;  it  is  evident  that  he  did  not  see  the  whole  spicule. 

The  female  measures  up  to  213  cm.  long  and  2.5  cm.  thick.  The 
tail  is  blunt  and  the  anus,  which  is  very  minute,  is  situated  0.2  mm. 
from  the  extreme  end.  The  vulva  is  situated  1.8  mm.  from  the 
anterior  extremity;  it  is  a large,  oval,  transverse  opening  with  salient 
lips.  Three  females  were  dissected  in  order  to  study  the  genital 
organs.  The  vagina  has  a thick  wall  and  runs  backwards;  it  is 
1.2  mm.  long  and  0.68  mm.  thick.  It  is  followed  by  the  ovejectors, 
which  vary  much  in  length  and  in  the  proportions  of  their  different 
parts  (Fig.  4).  At  first  there  is  a common  portion  1.9-3. 6 mm.  long, 
which  has  a wide  lumen  and  forms  a small  reservoir  for  eggs.  The 
lumen  then  divides  either  immediately,  as  in  Fig.  4,  or  a short  dis- 
tance further  on,  and  forms  two  narrow  canals  which  still  lie  in  a 
common  wall,  this  portion  measuring  3. 5-5. 4 mm.  long  and  0.72  mm. 
thick.  This  arrangement  is  rather  unusual  for  a nematode,  but  was 
found  in  all  three  females  that  were  dissected.  The  two  ovejectors 
then  separate  and  the  separate  portions  are  7.8  to  15.5  mm.  long  and 
0.43  mm.  thick,  sometimes  containing  eggs  which  cause  local 
dilatations  of  the  tubes.  When  the  separate  portions  of  the 
ovejectors  are  short,  they  run  straight  back  to  join  the  uteri,  which 
are  wide,  thin-walled  tubes,  also  directed  backwards.  When  the 
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separate  portions  are  long,  one  may  form  a loop  forward,  almost 
reaching  the  vagina,  and  then  turn  back  again.  One  ovary  lies 
anteriorly  in  the  body,  the  other  posteriorly.  The  eggs  have  thick 
shells  and  are  short  oval  in  shape,  measuring  .063-. 067  mm.  by 
.043-. 049  mm.  They  contain  fully  developed  embryos  when  laid. 

The  parasites  are  found  in  the  peritoneum  of  the  host,  where 
they  lie,  sometimes  in  large  numbers  together,  forming  numerous 
intricate  coils  in  the  much  thickened  subperitoneal  connective  tissue. 
In  one  case  eleven  females  and  five  males  were  removed  from  one 
area.  The  parasites  do  not  seem  to  impair  the  health  of  the  host  to 
any  great  extent. 

Affinities. — According  to  the  above  description,  the  parasite  does 
not  agree  completely  with  the  definition  of  the  genus 
Contortospiculurn,  or  rather  with  the  other  species  referred  to  this 
genus.  The  two  small  head-papillae  near  the  bases  of  the  submedian 
processes  have  not  been  described  in  the  other  species,  the  large 
spicule  is  not  strongly  corrugated  as  in  the  other  species,  and  the 
small  spicule  is  unusually  rough.  The  main  characteristics  of  the 
genus  are,  however,  present,  viz.,  large  size,  especially  of  female,  the 
characteristics  of  the  mouth,  lip-like  processes,  the  other  head  papil- 
lae, oesophagus,  tail  of  the  female,  the  caudal  alae  and  papillae  of  the 
male  and  the  position  of  the  vulva.  The  genital  organs  of'  the  female 
are  opisthodelph,  but  the  occasional  loop  of  the  one  ovejector  may 
indicate  an  original  amphidelph  arrangement. 

It  is  interesting  to  note  that  the  type  species  of  the  genus 
Contortospiculum  rheae  (Owen,  1843)  is  a parasite  of  Rhea  americana, 
a close  relative  of  the  ostrich,  and  that  the  two  parasites  are  very 
much  alike,  although  the  two  hosts  are  at  present  very  far  separated 
from  each  other  geographically  and  must  have  been  so  since  the 
break  occurred  in  the  southern  connection  of  the  African  and 
American  continents. 
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Fig.  1. 


Fig.  4. 
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Hypodontus  macropi,  n.  gen.,  n.  sp., 

A Hookworm  of  the  Kangaroo. 

By  H.  0.  MOXJsKi,  B.A.,  Ph.D.,  B.Y.Sc.,  Veterinary  Research 
Officer,  ( )nderstepoort. 


A red  kangaroo  (M aero  pus  rufus)  received  from  Australia  at  the 
Zoological  Gardens,  Pretoria,  on  the  4th  December,  1928,  died  of  a 
bacterial  infection  at  the  Onderstepoort  Laboratory  on  the  2nd  April, 
1929.  At  post-mortem  examination,  15  hours  after  death,  six  males 
and  18  females  of  a hookworm  were  found  free  in  the  intestine,  some 
being  in  the  posterior  part  of  the  small  intestine  and  others  in  the 
large  intestine  around  the  ileo-caecal  valve. 

The  worms  were  of  a greyish-white  colour,  the  posterior  fourth 
of  the  females  being  light-brown.  The  body  is  not  much  attenuated 
at  the  extremities.  The  cuticle  shows  well-marked  transverse 
striations. 

The  anterior  extremity  is  bent  towards  the  ventral  side  and  the 
mouth  opening  is  directed  antero-ventrallv.  The  buccal  capsule  is 
well  developed  and  infundibular  in  shape.  Although  it  opens  at  the 
side  opposite  to  what  is  usual  in  hookworms,  its  general  structure 
is  much  the  same  as  in  the  N ecatorinae , and  the  homology  of  the  parts 
provides  ample  scope  for  speculation. 

The  mouth  opening  is  oval  and  is  surrounded  by  two  lateral  and 
four  submedian  papillae.  The  anterior,  dorsal  margin  of  the  buccal 
capsule  bears  two  large  cutting  plates,  while  the  ventral  border  is 
notched  in  the  middle,  like  the  dorsal  border  of  the  capsule  in  other 
hookworms,  and  more  laterally  bears  on  each  side  a papilliform  for- 
ward projection  (Fig.  3).  There  is  a short  but  well-developed  dorsal 
gutter  through  which  the  dorsal  oesophageal  gland  opens  on  the 
dorsal  wall  of  the  buccal  capsule  (Fig.  2),  and  from  the  anterior 
extremity  of  this  gutter  a Y-shaped  furrow  runs  forwards,  the  arms 
of  the  Y running  around  the  capsule  in  a forward  direction  and  ending 
at  the  oral  margin  of  the  capsule  at  the  lateral  edges  of  the  cutting 
plates  (Figs.  2 and  3).  The  oesophageal  funnel  is  large  and  has  a 
strong  cuticular  lining,  which  is  prolonged  anteriorly  into  three 
pointed  teeth  projecting  into  the  buccal  capsule;  one  tooth  corresponds 
to  each  of  the  three  sections  of  the  oesophagus. 

The  oesophagus  is  relatively  long  and  slightly  club-shaped.  Its 
anterior  half  is  surrounded  by  large  cervical  glands. 

The  males  measure  13.3  to  14.8  mm.  in  length,  with  a maximal 
thickness  of  0.4G  mm.  The  cervical  papillae  are  distinct;  the  dis- 
tance from  the  anterior  extremity  to  these  papillae  is  0.9  mm.,  to 
the  excretory  pore  0.83  mm.,  and  to  the  nerve  ring  0.65  mm.  The 
oesophagus  is  1.3  mm.  long.  The  bursa  is  well  developed  but  not  very 
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wide.  The  ventral  rays  are  close  together  and  equal;  the  antero- 
lateral is  separated  from  the  medio-iateral  and  is  slightly  larger,  the 
medio-  and  postero-laterals  lie  close  together;  the  stem  of  the  lateral 
rays  bears  a large  backwardly  directed  projection  near  its  base.  The 
externo-dorsal  rays  originate  from  the  base  of  t lie  dorsal  stem;  the 
dorsal  ray  bifurcates  at  its  middle  and  each  branch  again  divides 
into  a long  medial  and  a shorter  lateral  branch.  Prebursal  papillae 
are  present  and  conspicuous. 

The  spicules  are  1.06  mm.  long  and  each  bears  a large  cuticular 
wing;  they  are  slightly  twisted  and  their  tips  are  bound  together 
through  the  fusion  of  their  alae.  An  oblong,  shield-shaped 
gubernaculum  is  present,  measuring  0.09  mm.  in  length. 

The  females  are  17.5  to  20  mm.  long  with  a maximal  thickness 
of  0.57  mm.  The  oesophagus  is  1.6  mm.  long.  The  distance  from 
the  anterior  extremity  to  the  cervical  papillae  is  1.02  mm.,  to  the 
excretory  pore  0.96  mm.,  and  to  the  nerve  ring  0.77  mm.  The  hind 
end  of  the  female  begins  to  narrow  suddenly  a short  distance  in  front 
of  the  vulva  and  the  tail  ends  in  a blunt  point.  The  anus  is  situated 
0.12  mm.  from  the  tail  end  and  the  vulva  an  equal  distance  in  front 
of  the  anus.  The  vagina  runs  forwards  and  is  0.23  mm.  long.  It 
opens  into  two  forwardly  directed  ovejectors  0.77  mm.  long,  which 
are  connected  to  the  forwardly  directed  uteri.  The  eggs  are  thin- 
shelled  and  were  all  unsegmented;  they  measure  0.176  mm.  x 0.078 
mm. 

Host . — Macropus  ruf us. 

Tmcation . — Intestine. 

Locality. — Pretoria  Zoological  Gardens,  from  Australia. 

Type  specimens  deposited  in  Onderstepoort  Helminthological 
Collection,  No.  2252. 

Affinities. — It  is  obvious  that  this  worm  belongs  to  the 
Ancylostomidae.  The  genus  Strong ylacan  tha.  which  has  its  mouth- 
opening antero- ventral,  is  placed  in  the  subfamily  Strongy- 
lacanthinae,  but  in  this  worm  there  are  large  ventral  teeth  directed 
outwards,  and  the  worm  described  here  is  obviously  much  more  closely 
related  to  the  N ecatorinae  than  to  Strongylacantha,  although  in  the 
former  group  all  the  species  have  the  moutli-opening  antero-dorsal. 
It  seems  most  natural  to  place  the  genus  H ypodontus  in  the  sub- 
family N ecatorinae,  which  will  require  a slight  modification  of  the 
definition  of  that  group  as  follows  : — 

N ecatorinae  Lane,  1917:  Ancylostomidae  with  mouth  usually 
directed  antero-dorsally.  Buccal  capsule  infundibular,  the  oral 
margin  bearing  cutting  plates,  without  teeth. 

I I ypodontus,  n.  gen.,  N ecatorinae:  mouth  opening  antero- 

ventrally ; buccal  capsule  with  dorsal  cutting  plates  at  oral  margin 
and  a dorsal  gutter;  oesophageal  funnel  gives  rise  to  three  teeth  at 
base  of  buccal  capsule.  Male:  bursa  symmetrical,  ventral  rays  equal 
and  parallel,  antero-lateral  separated  from  medio-  and  postero-laterals, 
lateral  stem  bears  a backwardly  directed  process,  externo-dorsal  arises 
from  base  of  dorsal  stem,  dorsal  ray  bifurcates  twice.  Spicules  equal, 
gubernaculum  present.  Female : vulva  near  anus,  prodelph. 

Parasites  of  marsupials. 

Type  species  H.  macropi  n.  sp. 


304 


H.  O.  MOJVNIG. 


Fig.  1. 

Hypodontus  macro  pi,  anterior  end,  lateral  view. 


Hypodontus  macropi,  head,  lateral  view. 
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Fig.  3. 

Hypodovtus  maeropi,  head,  ventral  view.  Y termination  of  Y-shaped  groove. 


Fig.  4. 

tLypodontus  maeropi,  male  bursa,  lateral  view,  showing  gubernaculum. 


Hypodontus  maeropi,  male  bursa,  dorsal  view. 
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Filarinema  flagrifer  n.  gen.,  n.  sp., 

A Trichostrongylid  Parasite 
of  the  Kangaroo. 

By  H.  0.  MONNIG,  B.A.,  Pli.D.,  B.V.Sc.,  Veterinary  Research 
Officer,  Onderstepoort. 


On  the  6th  June,  1929,  a red  kangaroo  received  from  Australia  on 
the  4th  December,  1928,  died  in  the  Zoological  Gardens  at  Pretoria. 
The  animal  harboured  a large  number  of  Rugopharynx  australis  in 
the  stomach,  together  with  16  females  and  5 males  of  a worm  that 
appeared  to  be  unknown. 

Pile  worms  had  a light  reddish -yellow  colour  when  fresh  and  are 
probably  bloodsuckers.  They  are  thread-like  in  appearance,  tapering 
more  towards  the  anterior  extremity  than  towards  the  posterior,  and 
are  not  unlike  Haevionchus  contortus  in  shape. 

The  cuticle  shows  extremely  fine  transverse  striations  and  no 
longitudinal  striation.  In  most  of  the  specimens  it  was  irregularly 
dilated,  but  since  this  was  not  the  case  in  a few  worms  of  both  sexes, 
the  dilatation  is  taken  to  be  the  result  of  decomposition,  since  the 
carcase  was  not  fresh. 

The  head  is  not  marked  off  from  the  body  and  is  very  narrow,  in 
the  male  .021  mm.  wide.  The  mouth  is  surrounded  by  two  lateral  and 
four  smaller  submedian  papillae.  The  oesophagus  begins  immediately 
behind  the  mouth-opening  and  contains  anteriorly  a dilatation  of  its 
lumen  surrounded  by  a cylinder  of  thick  chitin,  which  appears  like  a 
bar  of  chitin  .02  mm.  long,  on  either  side  of  the  dilatation,  when  seen 
in  one  plane  (Fig.  1).  The  oesophagus  becomes  slightly  thicker 
backwards  and  has  its  opening  into  the  intestine  guarded  by  the 
usual  three  valves.  The  intestine  is  narrow  and  not  pigmented. 

The  males  measure  lb. 8 mm.  to  IT. 8 mm.  in  length  and  are 
about  0.26  mm.  thick.  The  oesophagus  is  1.8  mm.  long  and  is  sur- 
rounded by  the  nerve  ring  0.58  mm.  from  the  anterior  end  of  the 
body.  The  cervical  papillae  are  very  small  and  flat,  situated  0.65 
mm.  from  the  anterior  end.  The  excretory  pore  is  distinct  and 
0.6  mm.  distant  from  the  head  end. 

The  bursa  of  the  male  is  well  developed;  especially  the  anterior, 
ventral  portions  of  the  lateral  lobes  are  large  and  prominent,  giving 
the  bursa  a rectangular  appearance  in  a lateral  view  (Fig.  2).  The 
outer  surface  of  the  bursa  is  covered  with  fine  markings  on  the  cuticle, 
which  are  not  unlike  finger-prints.  Prebursal  papillae  are  present, 
but  small  and  flat.  The  ventro-ventral  ray  is  a little  smaller  than 
the  latero-ventral  and  turns  forwards,  almost  at  a right  angle,  to 
support  the  large  anterior  portion  of  the  bursa;  the  latero-ventral 
ray  runs  more  or  less  parallel  to  the  lateral  rays.  The  latter  are 
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about  equal  in  size  and  slightly  divergent  from  one  another.  The 
externo-dorsal  rays  arise  from  the  base  of  t lie  dorsal  stem  and  their 
proximal  portions  are  swollen,  but  they  soon  narrow  down  and  their 
tips  do  not  quite  reach  the  edge  of  the  bursa.  The  dorsal  ray  proper 
bifurcates  at  about  the  middle  of  its  length  and  the  tips  of  the 
branches  are  bidigitate. 

There  are  two  equal  and  similar  spicules  (Fig.  4);  each  ends  in 
a narrow  point,  while  from  about  the  middle  of  each  spicule  there 
arise,  not  quite  at  the  same  height,  two  wliip-like  processes  which 
end  at  the  same  level  and  some  distance  beyond  the  main  point  of 
the  spicule.  The  spicules  have  small  alae,  which  are  visible  especially 
in  the  proximal  half  and  near  the  tips.  The  length  of  the  spicule 
proper  is  about  .44  mm.,  and  the  whip-like  processes  extend  about 
0.58  mm.  further.  The  gubernaculum  is  large,  a long  oval  in  shape, 
and  slightly  concave  ventrally;  it  is  about  .25  mm.  long. 

The  genital  cone  is  short.  Ventrally  to  the  cloacal  aperture  there 
is  a small,  blunt  median  process  bearing  on  either  side  a small 
pointed  projection.  Dorsally  there  is  on  either  side  a larger  trian- 
gular process. 

The  females  measure  -31  mm.  to  33.5  mm.  in  length  with  a 
maximum  thickness  of  .33  mm.  The  nerve  ring,  excretory  pore,  and 
cervical  papillae  are  situated  at  about  the  same  distances  from  the 
anterior  end  of  the  body  as  in  the  male.  The  oesophagus  is  2.03  mm. 
long.  The  hind  end  of  the  female  narrows  down  gradually  and  ends 
in  a blunt  tail,  which  bears  a pair  of  small  lateral  papillae  .06  mm. 
from  the  tip.  The  anus  is  situated  .43  mm.  from  the  tip  of'  the  tail. 

The  vulva  is  not  prominent  and  is  placed  about  11.25  mm.  in 
front  of  the  hind  end,  at  the  beginning  of  the  posterior  third  of  the 
body.  The  vagina  is  transverse  and  short,  t lie  ovejectors  proceed  in 
opposite  directions,  they  are  short  and  have  the  usual  structure  and 
the  uteri  are  opposite.  The  eggs  have  thin  shells  and  are  segmenting 
when  laid;  they  measure  on  the  average  .153  mm.  x .074  mm. 

Host. — lied  kangaroo  ( Macro-pus  rufus). 

Location. — Stomach . 

Locality. — Pretoria  Zoological  Gardens,  recently  from  Australia. 

Type  species  in  Onderstepoort  Helminthological  Collection 
No.  2253. 

Affinities. — Obviously  this  worm  belongs  to  the  Trichostrongy- 
linae.  It  does,  however,  not  belong  to  any  one  of  tbe  known  genera 
of  that  family  according  to  the  way  these  are  defined  and  a new 
genus  has  to  he  created  for  it. 

Generic  Diagnosis. — Filarinema — Trichostrongylinae  : slender 
worms  with  narrow  head;  cuticle  not  inflated  around  the  head  and 
with  fine  transverse  striations,  without  longitudinal  striation ; 
cervical  papillae  and  prelmrsal  papillae  of  male  small.  Male : 
bursa  with  large  lateral  and  small  dorsal  lobes;  ventral  rays  unequal 
and  divergent ; lateral  rays  approximately  equal  and  slightly 
divergent  from  one  another;  externo-dorsal  arises  from  base  of 
dorsal,  dorsal  bifurcates  at  its  middle,  each  branch  bidigitate. 
Spicules,  equal,  similar,  bearing  each  two  whip-like  processes; 
gubernaculum  present  and  large.  Female:  vulva  in  posterior  half 

of  body;  amphidelph;  oviparous.  Parasites  of  Marsupials. 

Type  species  : F . flagrifer,  n.  sp. 
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Fig.  1. 

Filarinema  flagrifer-—  head  end. 


Fig.  2. 

Filarinema  flagrifer — male  bursa,  lateral  view. 


Fig. 

Filarinema  flagrifer — male  bursa,  dorsal  ray. 
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Fig.  4. 

Filarincma  flagrifer,  spicules  and  gubernaculum. 


Filarinema  flagrifer,  tail  of  female. 
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Agriostomum  equidentatum , n.sp., 

A Hookworm  of  the  Springbuck. 

By  H.  ().  JIOXXIG,  B.A.,  Rh.D.,  B.V.Sc.,  Veterinary  Research 
( )fficer,  ( )nderstepoort. 


The  worms  described  here  were  taken  from  tli e small  intestine  of  a 
Springbuck  (. Antuloreas  marsupial  is)  near  Aliwal  North  in  the  Cape 
Province  in  June,  1929.  They  were  firmly  fixed  to  the  mucous 
membrane.  The  worms  have  a reddish-grey  colour  and  a darkly 
pigmented  intestine.  The  body  tapers  towards  the  posterior 
extremity,  hut  not  much  anteriorly.  The  cuticle  is  marked  with  fine 
transverse  striations.  A ventral  cervical  groove,  as  described  in  A. 
vryburgi,  is  not  present. 

The  head  end  is  bent  dorsad  and  the  mouth-opening  is  situated 
antero-dorsally.  It  is  surrounded  by  two  lateral  and  four  submedian 
papillae.  The  buccal  capsule  is  large  and  heavily  ehitinized  and  its 
size  is  increased  by  the  presence  of  a large  oesophageal  funnel,  which 
forms  a continuous  cavity  with  the  buccal  capsule,  the  two  together 
giving  the  appearance  of  a true  buccal  capsule  (Fig.  1).  The  entrance 
into  the  cavity  is  armed  with  seven  double  teeth  arranged  as  follows  : 
one  ventral,  a pair  ventro-lateral,  a pair  lateral,  and  a pair  dorso- 
lateral (Fig.  2).  The  two  points  of  each  tooth  are  equal  in  size,  and 
in  this  respect  this  species  differs  from  A.  gorgonis  Le  Roux,  in 
which  the  median  points  are  smaller  than  the  lateral.  The  only 
other  species  of  the  genus,  A.  vryburgi  Railliet,  has  apparently 
single  teeth,  although  their  arrangement  is  not  quite  clear  from  the 
available  descriptions  and  should  be  studied  again.  Dorsally,  as  is 
usually  in  hookworms,  the  buccal  capsule  bears  a small  prominence, 
which  is  cleft  in  the  middle.  Near  the  anterior  margin  there  is,  on 
the  inner  surface  of  the  buccal  capsule,  a circular  furrow  as  described 
by  Looss  for  Ancylostoma  duodenale.  A similar  structure  is  described 
in  A.  gorgonis  and  in  A.  vryburgi. 

The  dorsal  wall  of  fhe  oesophageal  funnel  bears  a ridge,  which  is 
a dorsal  gutter,  and  the  apex  of  which  projects  into  the  lumen  of  the 
cavity  in  the  form  of  a dorsal  tooth.  Along  the  ventro-lateral  walls 
of  the  oesophageal  funnel  there  runs  on  each  side  a ridge,  fhe  two 
forming  a V-shaped  structure  as  seen  in  a ventral  view,  beginning 
from  the  base  of  the  funnel.  Each  ridge  rises  up  to  form  a ventro- 
lateral tooth  in  tlie  oesophageal  funnel.  These  structures  in  the 
funnel  are  not  present  in  A.  gorgonis  and  apparently  also  not  in  A. 
vryburgi. 

The  junction  between  the  buccal  capsule  proper  and  the 
oesophageal  funnel  is  indicated  by  a ridge  encircling  the  cavity;  this 
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is  a thickening  of  the  cuticnlar  wall  on  the  outside,  which  has 
irregular  edges  and  serves  for  the  attachment  of  the  oesophageal 
muscles. 

The  oesophagus  behind  the  funnel  is  club-shaped  and  strongly 
muscular,  and  its  entrance  into  the  intestine  is  guarded  by  the  usual 
three  valves.  The  intestine  is  darkly  pigmented,  wide,  and  irregular 
in  outline. 

The  males  vary  very  much  in  length,  from  5 to  10  mm.  ; a similar 
variation  was  found  in  the  females,  and,  since  the  latter  contained 
no  eggs,  the  specimens  may  not  be  quite  mature.  The  greatest 
breadth  of  the  males  is  .44  mm.  The  buccal  capsule  and  oesophageal 
funnel  together  are  .4  mm.  long  and  .31  mm.  wide  in  the  largest 
male,  from  which  also  all  the  following  measurements  were  taken. 
From  the  anterior  extremity  to  the  cervical  papillae  the  distance  is 
.95  mm.,  to  the  excretory  pore  .81  mm.,  and  to  the  nerve  ring  .09  mm. 
The  cervical  papiliae  are  very  fine  and  inconspicuous.  The  portion  of 
the  oesophagus  posterior  to  the  funnel  is  1 mm.  long.  The  bursa 
(Figs.  3 and  4)  is  not  very  large,  and  the  lateral  lobes  are  curved  in 
towards  the  ventral  median  line.  The  dorsal  lobe  is  small.  The 
ventral  rays  are  equal  and  parallel,  reaching  the  margin  of  the  bursa, 
and  are  widely  separated  from  the  lateral  rays.  The  antero-lateral 
ray  is  short  and  stout,  slightly  separated  from  the  other  two  laterals, 
which  lie  close  together,  and  it  curves  outwards  so  as  to  lift  a small 
part  of  the  bursa  into  a projecting  point  about  half-way  down  to  the 
margin.  The  medio-  and  postero-lateral  rays  reach  the  edge  of  the 
bursa.  The  externo-dorsal  rays  arise  at  the  end  of  the  first  third  of 
the  dorsal  stem  ; they  do  not  reach  the  edge  of  the  bursa  and  their 
tips  turn  up  to  the  dorsal  surface.  The  dorsal  ray  bifurcates  and 
each  branch  divides  into  a longer  median  and  a shorter  lateral  branch. 
The  prebursal  papillae  are  prominent  and  pierce  through  the  cuticle. 

There  are  two  equal  alate  spicules,  1.52  mm.  long.  They  end  in 
fine  points  surrounded  by  a hyaline  membrane  and  the  alae  end  near 
the  tip  in  an  abrupt  way  so  as  to  leave  a free  alar  point ; this  can 
only  be  properly  seen  when  the  points  of  the  spicules  protrude  from 
the  cloaca  or  when  the  spicular  apparatus  is  dissected  out. 

The  spicules  are  guided  by  a large  telamon,  .27  mm.  long,  which 
is  very  transparent  and  the  structure  of  which  is  difficult  to  make  out 
(Fig.  5,  G,  and  7).  Staining  and  dissection  were  resorted  to  in  order 
to  study  the  telamon  in  this  species.  Proximally  there  is  a fairly 
thick  hood-shaped  body  which  lies  between  the  spicules;  the  body 
has  a dorsal  expansion  which  curves  outwards  over  the  spicules  on 
either  side;  ventrally  the  body  gives  off  two  long  posteriorly  directed 
arms  which  lie  ventro-laterally  to  the  spicules  and  each  arm  lias  a 
wing-like  expansion  which  curves  up  around  the  spicule  towards  the 
dorsal  side.  A gubernaculum  is  not  present  ; in  a lateral  view  there 
appears  to  be  a small  gubernaculum,  but  on  rolling  the  worm  this 
disappears  and  the  structures  responsible  for  this  illusion  are  two 
thickenings  in  the  distal  wall  of  the  spicule  sheath  and  the  wings  of 
the  arms  of  the  telamon,  which  are  in  certain  positions  seen  in  a line. 
A telamon  as  described  above  was  found  also  on  re-examination  of  the 
material  of  A.  gorgonis  and  no  gubernaculum  is  present  in  this 
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species.  It  seems  very  necessary  that,  also  with  regard  to  this  point, 
the  third  species,  A.  vryburgi,  should  he  re-examined. 

The  females  measure  7.3  to  13.3  mm.  in  length;  greatest  breadth 
.55  mm.  The  distance  from  the  anterior  end  to  the  cervical  papillae 
is  .95  mm.,  to  the  excretory  pore  .79  mm.,  and  to  the  nerve  ring 
.75  mm.  The  buccal  capsule  and  oesophageal  funnel  are  .42  mm. 
long  and  .33  mm.  wide.  The  oesophagus  posteriorly  to  the  funnel  is 
1.04  mm.  long.  The  tail  is  acute  (Fig.  8)  and  the  body  narrows  down 
suddenly  behind  the  vulva.  The  anus  is  placed  .33  mm.  in  front  of 
the  tip  of  the  tail  and  the  vulva  .79  mm.  The  vagina  runs  forwards 
and  is  .48  mm.  long.  The  ovejectors  are  short,  one  is  directed  for- 
wards and  one  backwards,  but  turns  forwards  where  it  joins  the 
uterus,  both  uteri  running  forwards. 

None  of  the  females  contained  eggs. 

// ost. — Springbuck  ( Antid orcas  marsupialis) . 

Location . — Small  intestine. 

Locality. — Aliwal  North,  Cape  Province. 
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HOOKWORM  OF  THE  SPRINGBUCK. 


Aqriostomum  equiitentatuvi — head,  lateral  view. 


Fig.  2. 

A.  equidentatwn — head,  dorsal  view. 
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A.  equidentatum — male  bursa,  lateral  view. 


Fig.  4. 

A.  equidentatum — male  bursa,  dorsal  view. 


Fig.  5. 

.4.  equidentatum — spicules  and  telamon,  dorsal  view. 
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Fig.  6. 

.4.  equidentatum — diagrammatic  lateral  view  of  telamon. 


Fig.  7. 

A.  equidentatum — diagrammatic  transverse  section  through  body  of 
telamon  and  spicules  to  show  relative  positions. 


Fig.  8. 

.4.  equidentatum — tail  of  female. 
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Investigations  into  the  Life-History  of  the 
Tapeworm  Moniezia  expansa. 


By  H.  ().  MONNIGr,  B.A.,  Ph.D.,  B.V.Se.,  Research  Officer, 
Onderstepoort. 


The  life-history  of  the  sheep  tapeworm,,  Moniezia  expansa,  and  of 
other  tapeworms  of  the  family  Anoplocephalidae  has  drawn  a con- 
siderable number  of  parasitologists  in  different  countries  to  attempt 
the  solution  of  this  elusive  problem.  The  results  so  far  have  been 
entirely  on  the  negative  side,  although  such  negative  results  are,  of 
course,  quite  valuable  to  guide  further  research.  The  following  is 
a resume  of  some  more  negative  results  on  this  subject,  published  in 
the  hope  that  it  may  aid  other  workers  in  this  field,  at  least  in  so  far 
as  to  point  out  to  them  a few  more  fruitless  lines. 

The  theoretical  possibilities  of  the  question  how  lambs  become 
infected  may  be  stated  as  follows.  Infection  may  occur: 

I.  Prenatal. 

II.  Postnatal. 

A.  Without  intermediate  host. 

B.  With  intermediate  host. 

a.  Prom  the  ewe,  through  the  milk. 

h.  Prom  the  outside  of  the  udder. 

c.  From  the  skin  of  the  lamb. 

d.  Prom  the  grass,  soil,  or  water. 

e.  Through  blood-sucking  invertebrates. 

/.  Through  the  air. 

In  cases  b,  c,  d,  and  / the  intermediate  stage  would  be  taken  in 
with  the  intermediate  host  (primary  or  secondary)  or  with  the  faeces 
of  the  intermediate  host,  the  eggs  of  the  worm  having  become  infec- 
tive on  passage  through  the  alimentary  canal  of  such  an  intermediate 
host. 

A fairly  comprehensive  account  of  the  literature  on  the  subject 
is  given  by  Plattely  (1922),  and,  although  it  is,  therefore,  not 
intended  to  repeat  such  a resume  here,  it  may  be  helpful  to  consider 
the  above-mentioned  possibilities  in  the  light  of  the  knowledge  which 
lias  been  gained  on  this  subject  in  the  past. 

I.  Prenatal  infection  must  be  considered  since  it  is  well  known 
that  lambs  can  pass  ripe  segments  of  the  tapeworm  at  a remarkably 
early  age.  If  infection  is  not  prenatal,  the  growth  of  the  worm  must 
be  extremely  rapid  in  comparison  with  other  tapeworms  of  about  the 
same  size,  like  Taenia  solium,  which  takes  11  to  12  weeks  to,  grow 
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adult,  while  lambs  of  six  weeks  old  may  pass  ripe  segments  of 
Moniezia  expansa. 

Our  experience,  however,  tells  strongly  against  prenatal  infection. 
In  the  first  place,  prenatal  infections  by  Cestodes  are  very  rare,  much 
more  so  than  in  the  case  of  Nematodes.  This  can  probably  be 
explained  by  the  fact  that  it  is  much  more  difficult  for  a hexacanth 
Cestode  embryo  to  pass  the  placental  barrier  than  for  the  much  more 
active  Nematode  larvae.  Extremely  heavy  Moniezia  infections  are 
sometimes  met  with,  and  it  is  difficult  to  imagine  that  they  come 
about  by  prenatal  infection.  Secondly,  very  young  tapeworms  have 
been  found  in  iambs  several  months  old  and  even  in  full-grown  sheep. 
Morgan  (1924)  mentions  a case  in  which  he  found  two  specimens 
measuring  5 mm.  and  8.5  mm.  in  a three-year-old  wether.  The  wiiter 
found  in  a three-months-old  lamb  52  specimens  of  M.  expansa  measur- 
ing from  1 cm.  up  to  2 metres  long.  This  tends  to  prove  that  the 
lamb  had  been  subject  to  a constant  infection,  and  that  infection  was 
not  prenatal  unless  certain  unknown  conditions  in  the  intestine  of 
sheep  may  sometimes  retard  the  rate  of  growth  of  the  tapeworm,  but 
which  has  not  been  proved  to  take  place. 

II.  Postnatal  infection. — A.  Without-  intermediate  host. — 

Several  workers,  especially  Megnin  (1883)  and  Curtice  (1890),  have 
maintained  that  infection  does  not  occur  through  the  agency  of  an 
intermediate  host.  When  one  is  investigating  this  problem,  and 
frequently  ponders  over  the  possibilities  and  probabilities  of  it,  one 
is  sometimes  inclined  to  attach  some  weight  to  this  argument. 
Investigations  have  been  carried  out  by  several  workers  on  heavily 
infected  farms;  the  invertebrate  fauna  has  been  studied  and  numerous 
species  have  been  fed  with  Moniezia  eggs,  or  collected  on  infected 
areas  and  dissected,  but,  although  lambs  are  constantly  becoming 
infected,  there  lias  never  been  found  the  slightest  indication  of  an 
intermediate  stage  in  any  invertebrate.  The  family  Anoplocephali- 
dae  comprises  quite  a number  of  different  species,  parasitic  in  a 
variety  of  animals,  and  many  workers  have  dissected  numerous 
pecies  of  invertebrates  in  the  quest  for  intermediate  stages  of 
helminths,  but  have  never  seen  an  intermediate  stage  of  an 
anoploeephalid,  unless  the  cysticercoid  recently  described  by  Joyeux 
and  Kobozieff  (1928)  from  the  beetle  Geotrupes  st/l  ratines  should  be 
one. 

Even  though  the  anoploeephalid  intermediate  stage  should,  con- 
trary to  expectation,  not  look  at  all  like  a cysticercoid,  it  would,  in 
any  case,  comprise  the  head  of  the  tapeworm  and  must  be  at  least  as 
large  as  that,  which  is  not  very  small,  so  that  one  ought  to  find  it  in 
a careful  dissection  of  an  invertebrate  where  one  searches  for  it. 

After  such  considerations,  one  feels  inclined  to  argue  that,  if  the 
lambs  can  find  the  intermediate  stage  so  readily,  why  not  the  inves- 
tigator? And  the  conclusion  is  very  tempting:  that  there  is  no 
intermediate  host — a state  of  affairs  wholly  unknown  amongst  Cestoda. 
The  eggs  may,  of  course,  first  develop  to  an  intermediate  stage  in  the 
lamb  itself,  as  happens  in  certain  species  of  Hyrnenolepis.  However, 
it  has  never  been  possible  to  infect  lambs  by  feeding  Moniezia  eggs 
to  them,  even  after  such  eggs  had  been  given  every  likely  opportunity 
to  mature,  if  necessary.  Some  of  the  authors  who  have  attempted 


318 


H.  O.  MONNIG. 


direct  infection  are  Curtice  (1890),  Stiles  (1893),  and  Flattely  (1922). 
The  writer  also  fed  some  eggs  fresh  and  others  after  they  had  been 
kept  on  moist  sand  and  moist  blotting-paper  in  the  laboratory  for 
periods  up  to  six  weeks,  but  no  infection  resulted.  The  eggs  did  not 
seem  to  alter  at  all  during  the  time  they  were  kept  in  this  way. 

B.  With  intermediate  host. — After  the  above  arguments  it  seems 
still  most  probable  that  there  must  he  an  intermediate  host,  hut  the 
type  of  life-history  is  perhaps  different  from  the  ordinary  type  of 
life-history  found  in  other  cestodes,  or,  in  other  words,  there  is 
perhaps  something  unusual  in  the  development  of  these  tapeworms 
which  we  do  not  at  all  expect  and  which  has  been  the  cause  of  all  our 
failures  so  far.  As  has  already  been  mentioned  above,  and  also 
previously  by  other  writers— Lebour  (1915),  Flattely  (1922) — the 
Moniezia  eggs  may  become  infective  by  passing  through  the  alimen- 
tary canal  of  some  other  animal  and  would  then  have  to  he  swallowed 
by  the  lamb  with  the  faeces  of  such  an  animal,  or  with  dust,  grass, 
water,  etc. 

a.  From  the  ewe,  through  the  milk. — It  is  popularly  believed 
that  lambs  become  infected  through  the  milk  of  the  ewe,  and  in 
South  Africa  M.  expansa  is  frequently  called  “ Milk-worm.-'  The 
idea  here  is  that  an  intermediate  stage  may  develop  in  the  udder 
tissues  of  the  ewe  and  pass  into  the  milk.  Flattely  did  a considerable 
amount  of  work  to  test  this  possibility,  but  was  not  able  to  find  any- 
thing, neither  in  the  milk  nor  in  the  tissues  of  the  udders  of  ewes. 
'The  following  facts  may  also  be  considered : Lambs  reared  on  cows’ 
milk  from  the  third  day,  and  in  some  cases  even  from  birth,  have 
been  known  to  the  writer  to  become  just  as  heavily  infected  as  lambs 
reared  by  their  mothers,  while  the  calves  of  the  cows  supplying  the 
milk  were  not,  or  only  very  slightly,  infected.  It  may  be  that  the 
calves  were  not  as  susceptible  as  the  lambs,  but  heavy  infections  with 
.1/.  expansa  in  calves  occur  frequently.  The  calves  in  these  cases  did 
not  run  on  the  same  pastures  as  the  lambs.  Further,  if  infection 
occurs  through  the  milk,  one  would  not  expect  a temporary  drought 
to  sweep  away  the  infection  as  completely  as  has  been  experienced  by 
the  writer.  The  circumstances  of  this  experience  will  be  related 
further  on.  It,  therefore,  seems  likely  that  infection  does  not  occur 
through  the  milk,  but  this  possibility  should  si  ill  receive  some  further 
attention. 

h.  From  the  outside  of  the  udder  the  lamb  may  ingest,  while 
sucking,  small  invertebrates  or  infective  eggs  of  the  tapeworm. 
Flattely  examined  washings  of  udders  on  infected  farms,  but  with 
negative  results. 

c.  From  the  skin  of  the  lamb. — It  is  frequently  .seen  that  lambs 
bite  themselves,  especially  when  troubled  by  keds.  In  this  case  the 
lamb  may  swallow  an  intermediate  host  or  infective  eggs.  Here  we 
think  especially  of  the  ectoparasites  of  sheep  as  possible  intermediate 
hosts.  The  keds  have  already  received  much  attention,  especially 
from  McMurrich  (.1884)  and  Stiles  (1898),  but  results  were  negative. 
The  writer  also  tried  to  infect  keds,  as  will  be  described  later,  but  was 
not  able  to  do  so.  In  this  connection  one  must,  however,  bear  in 
mind  the  fact  that  calves  sometimes  suffer  from  very  heavy  infections 
of  M . expansa,  and  they  would  probably  not  get  them  through  keds, 
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which  are  not  parasites  of  cattle.  The  same  argument  must  be  con- 
sidered in  connection  with  other  ectoparasites. 

d.  From  the  grass,  soil,  or  water.- — This  still  seems  to  be  the  most 
probable  source  of  infection,  through  the  agency  of  an  intermediate 
host  directly,  or  indirectly  through  its  faeces.  It  will  be  interesting 
here  to  consider  some  observations  made  by  the  writer,  during  two 
months  devoted  to  on  investigation  of  this  problem,  on  the  habits  of 
lambs  that  have  a bearing  on  the  above-stated  possibility.  A close 
watch  was  kept  on  the  habits  and  doings  of  young  lambs  and  careful 
post-mortem  examinations  were  made  on  lambs  of  various  ages  killed 
for  the  purpose.  It  was  observed  that  lambs  begin  to  lick  the  soil 
and,  more  rarely,  the  grass  when  they  are  only  a few  hours  old.  This 
licking  habit  increases  during  the  first  fortnight,  and  lambs  killed 
during  this  period  invariably  had  in  their  stomachs  a considerable 
amount  of  sand,  small  seeds,  dry  grass,  and  bits  of  other  dry  plant 
materia],  and,  in  some  eases,  small  insects.  The  lambs  were  most 
persistent  in  practising  this  habit  and,  even  when  muzzled,  still  tried 
their  utmost  to  get  hold  of  some  sand.  Since  these  lambs  drank  on 
normal  ewes,  one  could  hardly  look  for  a deficiency  behind  this  habit. 
When  about  two  weeks  old,  the  lambs  began  to  nibble  at  the  green 
grass,  and  swallowed  a small  amount.  At  the  age  of  three  weeks 
they  can  be  said  to  eat  grass  properly  already,  the  rumen  frequently 
containing  a large  handful,  or  more,  of  green  grass.  The  licking- 
habit,  however,  still  continues  up  to  about  five  to  six  weeks  and  then 
decreases. 

Since  the  infection  must  frequently  occur  soon  after  birth,  it 
seems  very  probable  that  the  licking  habit  has  something  to  do  with 
it,  and  that  the  infection  is  obtained  in  this  way  from  the  soil  or  the 
plants  that  are  being  licked. 

On  the  other  hand,  it  was  never  observed  that  lambs  drank  any 
water  before  they  were  about  two  weeks  obi,  even  though  the  weather 
at  the  time  was  dry  and  hot.  When  about  two  weeks  old,  the  lambs 
begin  to  smell  the  water  and  to  taste  it  and  gradually  begin  to  drink, 
but  they  never  drink  much  before  they  are  weaned. 

There  are  practically  no  observations  which  would  indicate 
whether  drinking-water  plays  a role  in  the  life-history  of  M . eapansa. 
Curtice  describes  the  occurrence  of  infection  in  a lamb  that  was  given 
drinking-water  from  a well,  which  seems  to  imply  that  the  water  was 
considered  to  be  clean,  and  therefore  did  not  cause  the  infection. 
During  the  writer's  experiments  mentioned  above,  the  slice])  drank 
water  from  an  open  pond  which  was  none  too  clean  .A  few  heavily 
infected  lambs  were  running  with  these  sheep,  so  that  there  was  every 
opportunity  for  the  water  to  become  infected,  besides  being  on  a farm 
which  had  been  severely  infected  less  than  three  months  before.  Of 
20  lambs,  however,  only  one  acquired  a tapeworm.  A relatively 
severe  drought  for  that  time  of  the  year  was  being  experienced  during 
this  period,  and  the  conclusion  is  very  likely  that  this  was  the  cause 
of  the  great  scarcity  of  infection,  and  that  drinking-water  does  not 
play  an  important  part  in  the  life-history  of  the  tapeworm.  The 
drought  at  this  time  may  indeed  be  looked  upon  as  having  provided 
an  opportunity  for  testing  the  role  of  drinking-water  by  excluding 
some  other  possibilities. 
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e.  and  /.  Through  blood-sucking  invertebrates  and  through  the. 
air. — These  methods  of  transmission,  although  entirely  unknown 
amongst  the  Cestoda,  must  he  considered  as  theoretical  possibilities, 
however  small  the  probabilities  seem  to  be,  and  though  it  may  not 
he  necessary  to  devote  any  further  attention  to  them  at  present. 

E X PE  R I M E XT  A L WORK. 

I.  Experiments  at  Ermelo  (Transvaal  Highveld),  February  to 

July,  1927. 

The  farm  on  which  these  experiments  were  carried  out  was  at  the 
time  only  moderately  infected.  The  rainy  season  coincides  with  the 
summer,  from  October  to  March  more  or  loss,  but  that  special  season 
had  been  a moderately  dry  one.  It  is  generally  stated  in  that  area 
that  spring  (September)  lambs  suffer  much  more  frequently  from  tape- 
worm than  autumn  (April)  lambs.  Since  the  season  was,  according 
to  these  statements,  not  very  favourable,  the  work  done  consisted 
chiefly  of  dissecting  various  invertebrates  which  had  either  been  kept 
in  contact  with  Moniezia  eggs  or  collected  in  a camp  in  which  infected 
lambs  were  running.  A number  of  lambing  ewes  was  also  run  in  this 
camp  with  the  infected  lambs,  but  only  a small  proportion  of  the 
lambs  born  in  this  camp  became  infected.  Through  this  camp  there 
passes  a small  stream  of  water  from  which  the  sheep  drank.  At  this 
time,  however,  the  stream  consisted  of  stagnant  pools  only. 

Experiments  with  Keds. — Several  attempts  were  made  to  feed 
keds  with  Moniezia  eggs.  A patch  on  the  skin  of  a sheep  was  clipped 
short  and  liberally  smeared  over  with  the  eggs.  Keds  were  then 
placed  on  this  patch  and  kept  there  by  covering  them  with  a cardboard 
ring  closed  on  the  outside  with  fine  gauze  and  tied  to  the  sheep  by 
means  of  tapes.  Some  keds  were  occasionally  removed  and  kept  for  a 
time  in  a clean  vessel,  in  order  to  collect  their  faeces.  The  latter 
never  contained  tapeworm  eggs.  Keds  were  dissected  after  various 
periods  of  feeding  on  the  infected  patch,  but  the  result  was  always 
negative. 

Coprophagous  Mites. — Flattely  (1922)  states  that  he  intends 
directing  attention  to  coprophagous  mites,  but  lie  has  not  published 
anything  on  this  subject  since,  as  far  as  the  writer  is  aware.  Two 
species  of  mites  were  found  at  Ermelo  in  the  manure  of  stables  and 
sheds,  and  they  were  remarkably  more  frequent  in  the  cow-sheds  than 
in  the  sheep-sheds.  Manure  containing  these  mites  was  kept  in  the 
laboratory  in  large  glass  dishes,  about  5 cm.  deep,  and  ripe  segments 
of  Moniezia  were  added  liberally.  Fsually  after  about  eight  days  the 
numbers  of  the  mites  decreased  rapidly  and  after  14  days  there  were 
very  few  left,  even  though  the  manure  had  been  kept  slightly  moist. 
Mites  were  picked  out  of  the  manure  after  various  intervals,  and 
examined  whole  and  after  they  had  been  torn  to  pieces  by  means  of 
fine  needles.  Altogether  208  mites  were  so  examined,  with  negative 
result. 

Mites  live  by  sucking  fluids  and  their  mouth  parts  do  not  allow 
large  particles  to  pass;  it  is.  therefore,  rather  unlikely  that  they  could 
swallow  Moniezia  eggs.  Nevertheless,  one  cannot  help  regarding 
them  with  some 'suspicion  in  connection  with  the  problem  before  us. 
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Musca  spp. — A large  number  of  Hies  were  caught  and  placed 
in  a cage  containing  a dish  of  sugar-water  and  a dish  of  ripe 
Moniezia  segments.  The  Hies  frequently  settled  on  the  tapeworm 
material  and  were  seen  to  suck  at  it.  Numerous  dissections  of  such 
Hies  were  made,  but  nothing  was  found,  not  even  eggs  in  their  alimen- 
tary canals.  Mites  found  on  the  flies  were  also  examined  and  showed 
nothing. 

A quantity  of  fresh  horse  manure,  containing  no  tapeworm  egg' 
was  placed  in  a dish  in  the  cage  after  a good  quantity  of’  Moniezia 
eggs  had  been  added.  After  two  days  some  more  eggs  were  added  and 
the  dish  was  transferred  to  an  incubator  running  at  2b°  C.  Five 
days  later  a number  of  maggots  were  seen  in  the  dish  and  more 
Moniezia  eggs  were  added.  In  due  course  the  maggots  pupated  and 
the  Hies  emerged  from  these.  Several  pupae  and  all  the  Hies  were 
dissected,  3G  altogether,  but  only  a number  of  Habronema  larvae  were 
found  in  them.  This  experiment  was  repeated  a second  time,  yielding 
34  pupae  and  Hies,  with  the  same  result. 

Carrion  Flies  and  Blue-bottles . — A large  number  of  these  Hies, 
belonging  to  several  different  species,  were  treated  in  the  same  way 
as  the  house-Hies  and  some  were  also  bred  from  diarrhoeic  sheep’s 
faeces  into  which  the  maggots  had  been  laid  and  to  which  Moniezia 
eggs  had  been  added.  Others  were  captured  in  the  infected  camp. 
All  of  them  were  negative  fin  dissection  and  none  contained  tapeworm 
eggs  in  the  alimentary  canal,  although  they  had  sucked  at  the  seg- 
ments more  often  than  the  house-Hies. 

Other  Invertebrates  were  collected  in  the  infected  camp  and  dis- 
sected. They  were  not  specifically  identified,  but  belonged  to  the 
following  groups:  Ants  (77),  dung-beetles  (11),  other  beetles  from  soil 
and  water  (32),  Diptera  other  than  the  Hies  already  mentioned  and 
dipteran  larvae  from  water  (22),  a small  number  of  grasshoppers 
(Orthoptera),  spiders,  and  earwigs.  These  were  all  negative.  Ripe 
Moniezia  segments  had  been  spread  around  the  opening’s  of  the  ants’ 
nests  for  several  days  before  the  ants  were  collected.  These  ants  were 
very  frequent  in  the  camp,  but  they  were  not  seen  to  touch  the  tape- 
worm material.  No  small  Crustacea  nor  any  snails  could  be  found  in 
or  near  the  water  at  that  time. 

In  addition  to  these  experiments  with  invertebrates,  the  lambs 
born  m this  camp  were  carefully  examined  post-mortem  when  they 
died,  and  some  were  specially  killed  for  the  purpose.  The  contents 
and  mucous  membrane  of  the  stomachs  were  closely  examined  and  the 
contents  and  mucous  membrane  of  the  small  intestine  were  collected 
by  scraping  and  searched  through  in  small  quantities  at  a time  in  the 
hope  of  finding  the  earliest  stages  of  the  tapeworm  in  the  sheep. 
( )nly  a few  of  the  lambs  were  infected,  and  nothing  smaller  than  1 cm. 
long  tapeworms  were  found. 

II.  Experiments  at  Amersfoort  (Transvaal  Highveld),  September 
to  October,  1928. 

The  farm  on  which  these  experiments  were  conducted  is  well 
known  to  be  usually  very  heavily  infected  with  M ■ ex'pansa,  and  the 
owner  considers  it  quite  unusual  for  a lamb  to  reach  the  age  of  six 
weeks  without  infection.  During  a visit  of  the  writer,  three  months 
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before  the  experiments  were  started,  the  lambs  were  badly  infected, 
owing  to  the  failure  of  a certain  supply  of  male-fern  to  remove  the 
worms.  It  was  advised  to  treat  the  lambs  with  the  following  mixture, 
which  had  previously  been  found  to  yield  successful  results:  — 
Copper  sulphate,  1 oz. 

40  per  cent,  nicotine  tobacco  dip,  1 oz. 

Water,  3 pints. 

Doses:  lambs  one  to  three  months,  ^ oz. ; three  to  six  months, 
f oz.  : over  six  months,  1 oz.  This  treatment  was  introduced  immed- 
iately and  very  favourable  results  were  reported.  However,  the  writer 
does  not  think  that  this  is  the  reason  why  the  infection  practically 
disappeared,  but  rather  incriminates  the  subsequent  drought. 

It  might  be  mentioned  that  this  is  a stud-farm  carrying  very 
valuable  stock,  which  is  well  cared  for.  The  size  of  the  farm  is  about 
8,000  acres.  There  are  a number  of  fairly  high  hills,  but  only  one 
really  moist  valley  between  the  hills,  but  the  infection  occurs 
apparently  all  over  and  not  only  in  this  valley.  On  the  neighbouring 
farms,  of  which  one  is  also  a stud-farm,  M . expanse  occurs  in  very 
moderate  numbers  only.  The  reason  for  this  local  severe  infection  is 
quite  obscure. 

It  was  considered  a unique  opportunity  to  attack  the  problem  on 
this  farm,  as  the  owner  was  also  greatly  interested  and  offered  his 
assistance  liberally.  The  plan  of  the  experiment  was  as  follows: 
Sixty  ewes  in  lamb  were  sent  to  the  farm  three  to  four  weeks  before 
they  would  start  lambing  and  were  run  in  a camp  in  which  infection 
was  known  to  occur,  together  with  some  infected  lambs.  By  means 
of  muzzling  some  lambs  immediately  after  birth  and  allowing  one- 
half  of  these  to  drink  on  washed  udders  only,  and  the  other  half  on  un- 
washed udders,  it  was  intended  to  exclude  all  infection  except  that 
which  could  occur  before  birth,  through  the  milk,  from  the  air,  from 
blood-sucking  invertebrates,  and,  in  one  half  of  the  lambs,  from  the 
outside  of  the  udder.  Further,  it  was  intended  to  examine  udder 
washings,  milk,  soil,  plants  of  the  pasture,  and  water,  and  to  study 
the  invertebrate  fauna  and  dissect  specimens  after  they  had  been  kept 
in  contact  with  Moniezia  eggs.  As  it  is  important  to  know  the  earliest 
age  at  which  lambs  can  become  infected,  lambs  were  to  be  killed  and 
thoroughly  examined,  also  in  the  hope  of  finding  the  earliest  stages 
of  the  parasite  in  the  lamb.  Observations  were  to  be  made  on  the 
habits  of  young  lambs  and  on  all  other  factors  that  could  have  any 
bearing  on  the  problem. 

The  Importance  of  Moisture. 

Although  it  has  sometimes  been  thought  that  moist  conditions 
favour  the  infection,  no  definite  observations  have  been  recorded  on 
this  point.  The  experiments  here  described,  although  very  dis- 
appointing on  most  points,  bring  out  this  fact  well,  that  moist  condi- 
tions are  necessary  and  that  a drought  is  very  effective  in  checking 
the  infection.  Although  the  lambs  of  the  farm  had  been  successfully 
treated,  a few  had.  again  become  infected,  and  other  infected  lambs 
were  introduced  on  to  the  farm  for  the  purposes  of  the  experiment. 
Yet,  in  spite  of  no  further  treatment,  the  infection  did  not  spread 
as  usual  on  that  farm. 
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In  order  to  understand  the  conditions  properly,  it  must  be 
explained  that  during  the  previous  three  years  the  rainfall  had  been 
relatively  low  and  the  winter  preceding  the  experiment  had  been 
a very  dry  one.  During  the  two  months  of  the  experiment,  altogether 
2.82  inches  of  rain  fell  as  follows:  — 

15th  and  16th  September  ...  0.76  inch  (first  rain  after  winter). 

23rd  September  0.25  inch. 

30th  Sept,  to  1st  October  ...  0.75  inch. 

loth  to  16th  October  0.92  inch. 

22nd  October 0.14  inch. 

This  does  not  look  quite  like  a drought,  at  least  for  that  part  of 
the  country,  and  it  must,  therefore,  be  added  that  the  heavy  showers 
which  fell  during  a short  time  in  most  cases,  and,  therefore,  did  not 
soak  in  properly,  were  followed  by  dry  winds,  which  very  soon  dried 
the  upper  layers  of  the  soil,  scorched  the  young  sprouting  grass,  and 
left  conditions  much  as  before  t lie  rain. 

The  usual  lambing  season  on  this  farm  is  about  March  to  April, 
but  about  120  lambs  are  also  reared  each  September,  and  all  suffer 
equally  from  tapeworms.  This  year  the  September  lambs  showed 
no  tapeworm  symptoms,  and  some  treated  ones  passed  no  worms. 
Several  faecal  examinations  also  gave  negative  results.  Of  the  lambs 
born  of  the  experimental  ewes,  20  unmuzzled  ones  were  killed  at 
various  ages  and  only  one  had  become  infected.  The  infection  was, 
therefore,  very  rare  at  this  time,  and  this  state  of  affairs  can  only  he 
ascribed  to  the  drought. 

Muzzling  Experiment. — Eight  lambs  were  muzzled  immediately 
after  birth.  The  ewes  were  caught  during  parturition  and  the  head  of 
the  lamb  was  not  allowed  to  touch  the  ground  before  the  muzzle 
had  been  attached.  The  lambs  were  allowed  to  drink  at  fixed  times, 
the  ewe  being  placed  on  its  haunches  and,  after  the  muzzle  had  been 
removed,  the  lamb  was  held  so  that  it  should  suck  only  at  the  teats. 
Four  of  the  lambs  were  allowed  to  drink  only  after  the  udders  had 
been  washed,  the  wool  around  the  udders  having  been  clipped  at  the 
first  drink.  Eight  unmuzzled  lambs  were  marked  as  controls  for  this 
experiment.  At  the  close  of  the  experiment,  when  these  lambs  were 
killed,  they  were  all  between  34  and  45  days  old,  except  three  controls 
that  had  been  killed  at  earlier  stages  in  order  to  see  whether  infection 
was  taking  place.  Only  one  of  the  controls,  44  days  old,  harboured 
one  M.  expanse i.  120  cm.  long,  no  ripe  segments  having  yet  been  cast 
off  from  it.  This  single  case  of'  infection,  being  amongst  the  controls, 
signifies  nothing,  and  the  muzzling  experiment  may  he  said  to  have 
fallen  quite  flat.  An  experiment  of  this  nature  should  again  be 
carried  out,  and  the  writer  hopes  to  repeat  it  in  the  near  future.  The 
muzzling  must  be  done  very  carefully,  and  the  air-holes  in  the 
muzzles  must  lie  very  small,  as  it  was  found  that  the  lambs  were  so 
persistent  in  trying  to  lick  the  soil,  that  they  continually  rubbed  the 
muzzles  along  the  ground,  trying  to  get  some  material  m through  tile 
air-holes  in  order  to  swallow  it.  The  muzzles  were  made  of  strong 
canvas  and  leather  straps,  covering  the  whole  head  except  the  eyes, 
the  ears,  and  the  poll;  at  the  sides,  near  the  front,  there  were  foul- 
air-hole's,  1 cm.  in  diameter,  made  of  strong  eyelets.  But  all  the 
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muzzled  lambs  bad  a small  quantity  of  sand  in  the  stomach  at  post- 
mortem examination,  showing  that  the  air-holes  had  been  too  large. 

Post-mortems  on  Lambs. — Besides  the  1G  lambs  of  the  muzzling 
experiment,  another  12  lambs  were  killed  for  examination,  varying 
in  age  from  seven  to  forty-one  days.  The  lambs  were  usually  killed 
at  2 p.m.  after  having  been  let  out  to  graze  at  G a. m.  Immediately 
after  killing,  the  stomachs  and  small  intestine  were  removed.  The 
forestomachs,  abomasum,  and  intestine  were  opened  separately.  The 
contents  of  the  forestomachs  were  washed  into  a dish  and  the  mucous 
membrane  then  carefully  examined.  The  abomasum  was  next  treated 
in  the  same  way.  Then  the  intestine  was  cut  open,  doing  short 
distances  at  a time,  and  the  whole  contents  and  mucous  membrane 
were  carefully  scraped  off,  using  t he  edge  of  a glass  slide  and  collect- 
ing this  material  in  a dish  of  water.  The  contents  of  the  three  dishes 
were  then  carefully  searched  through  in  small  lots  by  means  of  a 
strong  hand  lens  or  a binocular  microscope.  On  one  occasion  the  head 
of  a Moniezia  was  repeatedly  thrown  into  the  intestinal  material  in 
order  to  test  the  method,  but  it  was  quite  easily  found.  This  part  of 
the  work  also  proved  negative,  except  in  the  one  case  mentioned,  and 
in  another  two  lambs  of  which  one  had  a small  cricket  and  the  other 
an  ant  in  the  rumen. 

Observations  on  Invertebrates. — lu  the  beginning  udder-washings 
were  examined  a few  times,  but  it  soon  became  apparent  that  the 
infection  was  very  scarce  and  so  the  intention  of  examining  udder- 
washings,  soil,  plants,  etc.,  was  given  up.  All  the  available  time 
was  then  spent  in  making  a survey  of  the  invertebrate  fauna  of  one 
camp  that  had  always  been  heavily  infected,  and  in  diseeting  speci- 
mens after  they  had  been  allowed  to  feed  on  Moniezia  eggs.  The 
specimens  were  killed  with  chloroform  and  dissected  fresh,  all  internal 
organs  and  the  whole  musculature,  also  of  the  legs,  were  examined. 
It  was  found  that  12  different  species  had  eaten  the  eggs,  but  no 
intermediate  stage  ot  tbe  tapeworm  developed  in  them.  Some  eggs 
were  digested,  while  others  passed  through  and  out  in  I lie  faeces, 
sometimes  minus  the  shell,  but  usually  the  latter  was  intact.  The 
invertebrates  were  allowed  to  feed  on  the  eggs  for  at  least  14  days 
before  they  were  dissected,  and  the  dissected  material  of  those  species 
that  had  eaten  the  eggs  was  drenched  to  two  of  the  muzzled  lambs, 
in  order  that  any  intermediate  stage  which  might  not  have  been 
recognized,  and  also  the  eggs  which  had  passed  through  to  the  rectum 
and  were  now  perhaps  infective,  could  get  a chance  to  develop  further. 
All  the  cricket  material  was  given  to  one  lamb  and  the  other  species 
to  tbe  second  lamb.  The  lambs  were  killed  seven  days  after  the  last 
dose  of  this  material,  but  no  trace  of  infection  was  found. 

The  invertebrates  were  kept  in  large  glass  jars  containing  moist 
soil  and  a few  dry  clods  on  top,  with  grass  plants  growing  in  the  soil. 
The  jars  were  covered  with  muslin.  Ripe  segments  of  .1/.  e.r/tansa 
were  added  daily  except  on  a few  occasions  when  none  were  available. 
In  the  case  of  the  grasshoppers,  the  eggs  were  smeared  on  the  grass 
and  their  ingestion  was  perhaps  accidental.  The  other  11  species 
were  all  observed  to  eat  the  tapeworm  material  deliberately.  The 
mites  were  found  in  a jar  that  had  been  used  for  several  weeks.  In 
this  jar  there  had  been  no  invertebrates  that  ate  the  tapeworm 
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material,  and  the  latter  had  become  overgrown  with  fungi.  In  these 
small  masses  of  fungus,  mixed  with  numerous  tapeworm  eggs  which 
still  appeared  normal,  the  mites  were  present  in  large  numbers,  and 
here  also  they  were  breeding.  They,  therefore,  had  ample  cbance 
of  eating  the  eggs  if  they  could.  The  ants  were  not  kept  in  jars,  but 
tapeworm  material  was  placed  under  stones  where  they  had  their 
nests.  There  were  two  species  of  ants,  a small  black  species,  the 
common  house-ant,  and  a large  black  species.  These  ants  carried  the 
proglottides  into  their  nests.  The  woodlice  were  found  under  a 
stone  amongst  the  big  black  species  of  ants. 

The  following  is  a list  of  the  invertebrates  found  in  the  camp, 
with  the  result  of  feeding  on  Moniezia  eggs  : — 


Invertebrate. 

Number 

fed. 

Eggs 
eaten  by. 

No  eggs 
eaten  by. 

(Carabidae)  Harpalus  cursorius.  Per 

9 

4 

5 

,,  clavipes,  Boh 

2 

— 

„ „ SP 

14 

i 

13 

..  ••  sp 

• 

- 

5 

1 sp.,  not  identified 

1 

i 

— 

2 spp.,  not  identified 

•> 

— 

2 

(Tenebrionidae)  Trigonopus typhon,  Muls 

3 

3 

— 

,,  Gonocephalutn  simplex,  F 

18 

lti 

2 

( Histeridae ) Triballus  ascaphus,  Mars 

lti 

— 

16 

( Ptinidae ) Trigonogenius  globulus,  Sol 

1 

— 

1 

( Cydnidae ) Cydnus  lepidus,  St 

1 

— 

1 

(Chrysomelidae)  Ageniosa  sp 

7 

— 

7 

( Crioceridae ) Lema  bilineata,  Germ 

i 

— 

i 

( Reduviidae ) Coranus  sp 

— 

2 

? ,,  sp.,  not  identified 

4 

2 

(Coleoptera)  not  identified 

1 

— 

larvae,  not  identified  (''.Harpalus) 

It) 

12 

(Collernbola)  

7 

— 

7 

( Chilopoda .),  not  identified 

7 

— 

7 

(Earthworms)  Fridericia  pretoriana,  Steph 

20 

— 

20 

(Acarina)  Amolops  sp.,  Glycyphagus  s 

58 

— 

58 

( Gryllidae ) Liogryllus  bimacvMtus,  De  Geer \ 

15 

14 

i 

(Spiders)  6 spp.,  not  identified 

14 

— 

14 

( Hemiptera ) 2 spp.,  not  identified 

3 

— 

3 

( Diplopoda ) not  identified 

25 

20 

5 

Acrididae)  Ochrophlebia  tigniola,  Serv 

5 

3 

4 sp]).,  not  identified 

12 

— 

12 

( Lepidoptera ) caterpillar,  not  identified 

1 

— 

1 

Ant,  small  black,  not  identified 

23 

— 

23 

,,  large  ,,  ,,  

29 

— 

29 

( Woodlice)  

14 

— 

14 

43  Species 

344 

77 

(12  spp.) 

267 

The  invertebrates  were  determined  and  classified  by  the  Imperial 
Bureau  of  Entomology,  for  which  I would  like  to  express  my 
gratitude.  Some  could  not  be  determined,  while  of  others  no  material 
was  sent,  as  only  the  few  specimens  that  were  dissected  could  be 
found. 
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APPENDIX. 


While  this  article  was  in  the  press  a publication  by  Daubney 
{“  The  Important  Parasitic  Worms  of  Sheep  in  Kenya,”  Kenya 
Dept.  Ayric.,  Bull.  No.  6 of  1928,  Govt.  Printer,  Nairobi,  1929) 
was  seen,  in  which  Daubney  states  that  he  took  ten  newly-born  lambs 
from  a clean  area  on  to  an  infected  area  and  fed  them  on  cow’s  milk. 
Five  were  muzzled.  Within  five  months  the  five  unmuzzled  lambs 
developed  heavy  infestations,  while  the  five  muzzled  lambs  remained 
free  up  to  the  ag'e  of  eight  months,  when  they  were  destroyed. 
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Physaloptera  canis,  n.  sp. 

A New  Nematode  Parasite  of  the  Dog. 


By  H.  0.  MONNIGr,  B.A.,  Ph.D.,  B.V.Sc.,  Veterinary  Research 
Officer,  Onderstepoort. 


On!  the  28tli  May,  1929,  a dog-,  bought  from  a native  living  in  the 
vicinity  of  the  Onderstepoort  Laboratory,  died  of  biliary  fever  and 
at  post-mortem  was  found  to  harbour  one  male  and  two  females  of 
the  worm  described  below,  together  with  two  young  specimens  of 
T oxocara  canis. 

The  worms  are  fairly  stout  and  white  in  colour.  They  were 
adhering  to  the  mucous  membrane  of  the  stomach  when  found,  but 
the  membrane  showed  no  lesions. 

The  cuticle  is  very  finely  striated  transversely  and  has  a number 
of  large  folds,  especially  anteriorly.  It  forms  a prominent  collar 
around  the  bead  (fig.  1).  In  the  male  and  the  one  female  the  third 
fold  is  large  and  forms  a second  collar-like  swelling  behind  the  bead, 
as  shown  in  fig.  1,  while  in  the  second  female  the  cuticle  is  dilated 
around  the  anterior  end  of  the  worm  in  a balloon-like  fashion.  As 
in  Physaloptera  praeputialis  and  P.  malayensis,  the  bind  ends  of 
the  bodies  of  all  three  specimens  were  retracted  into  prepuce-like 
sheaths  formed  by  the  cuticle  (fig's.  2 and  4). 

The  mouth  is  surrounded  by  the  usual  two  large,  lateral  lips, 
each  bearing  two  papillae  and  the  external  and  internal  teeth.  The 
external  tooth  in  the  two  females  is  short  and  blunt,  .008  mm.  high, 
while  the  internal  trifid  tooth  is  .019  mm.  high  and  .039  mm.  wide 
at  its  base.  In  the  male  the  external  tooth  is  not  quite  as  blunt  and 
reaches  up  to  the  height  of  the  notches  of  the  internal  tooth. 

The  male  is  30.5  mm.  long  and  1.1  mm.  thick.  The  oesophagus 
has  a short  muscular  portion,  0.7  mm.  long,  and  a glandular  portion 
4.5  mm.  in  length;  the  whole  oesophagus  is  therefore  about  1/Gtli 
as  long  as  the  body.  The  nerve  ring  surrounds  the  muscular  part  of 
the  oesophagus  at  a point  0.5  mm.  from  the  anterior  end  of  the  body. 
The  excretory  pore  and  the  cervical  papillae  are  at  ihe  same  level, 
0.7  mm.  from  the  anterior  extremity. 

The  hind  end  of  the  male  (fig.  4)  is  retracted  into  a prepuce-like 
sheath  of  the  cuticle  and  is  very  much  like  that  of  P . malayensis, 
Ortlepp  1922.  There  are  four,  stout  circumcloacal  papillae  which 
are  stalked.  The  sessile  papillae  are  three  precloacals  situated  in  a 
transverse  row  in  front  of  the  cloaca,  two  pairs  in  a transverse 
row  behind  the  cloaca,  two  pairs  near  the  middle  of  the  tail  and 
one  pair  at  the  end  of  the  second  third  of  (he  tail.  The  ventral 
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surface  of  the  hind  end  is  roughened  by  strong  ridges  which  run 
in  a longitudinal  direction,  except  for  a number  of  circular  ones 
surrounding  the  cloacal  opening.  In  between  these  ridges  a number 
of  small  thickenings  are  seen,  especially  along  the  median  line. 

The  spicules  are  unequal;  the  left  is  1.4  mm.  long  and  the  light 
1 mm.;  they  are  both  fairly  thick  and  strong,  the  left  slightly 
thinner  than  the  right. 

The  females  are  44  mm.  and  36  mm.  long  and  1.54  and  1.1  mm. 
thick  respectively.  It  is  remarkable  that,  in  spite  of  this  fair 
difference  in  size,  in  both  females  the  muscular  portion  of  the  oeso- 
phagus is  0.8  mm.  long  and  the  glandular  portion  5.5  mm. — the 
whole  oesophagus,  therefore,  l/7th  and  1 /0.7th  respectively  of  the 
body  length — and  also  the  distances  from  the  anterior  end  to  the 
nerve  ring,  0.0  mm.,  and  to  the  cervical  papillae  and  excretory  pore, 
1 mm.,  are  equal  in  both.  Also  the  anus  is  0.08  mm.  distant  from 
the  tail  end  in  both,  and  the  tail  is  retracted  into  the  cuticular  sheath 
(fig.  2). 

In  the  larger  female  the  vulva  is  situated  18.5  mm.  from  the 
anterior  end,  in  the  smaller  female  14.0  mm.,  dividing  the  body 
length  in  the  proportion  of  1 : 1.4  and  1 : 1.5  respectively.  The 
measurements  of  the  internal  genital  organs  and  also  their  arrange- 
ment are  exactly  alike  in  both  specimens.  The  vulva  is  inconspicuous 
and  leads  into  the  vagina,  which  runs  forwards  and  is  continued  by  a 
narrow  ovejector,  the  whole  being  2.9  mm.  long.  The  end  of  the 
ovejector  turns  back  sharply  and  opens  into  a wide  egg  chamber 
(fig-  3),  which  is  1.8  mm.  long  and  is  distended  with  eggs.  From 
the  posterior  extremity  of  this  chamber  the  two  uteri  originate  like 
two  horns,  which  both  run  forwards  and  are  at  first  narrow.  The 
one  horn  turns  back  soon  after  having  passed  the  middle  of  the  egg 
chamber,  while  the  other  reaches  further  forwards,  widening  out  and 
turning  back  a short  distance  in  front  of  the  egg  chamber.  The  eggs 
are  small,  thick-shelled,  and  only  slightly  ovoid;  they  are  .043  mm. 
long  and  .033  mm.  broad. 

Host. — Can  is  fa milia i is. 

Location. — Stomach. 

Locality. — Pretoria. 

Types  in  Onderstepoort  Helminthological  collection  Mo.  2258. 

Affinities. — In  considering  the  identity  of  this  worm  three  species 
of  Physaloptera  have  to  be  thought  of.  Physaloptera  vara,  described 
by  Hall  and  Wigdor  in  1918  from  the  dog,  on  a single  female  which 
was  perhaps  not  quite  mature,  although  it  was  24  mm.  long,  has  a 
much  shorter  oesophagus  than  P.  cants,  the  length  being  1.10  mm. 
It  was  pointed  out  above  that  in  both  females  of  P.  canis,  which  were 
not  of  the  same  length,  the  oesophagus  is  0.3  mm.  long,  and  the  two 
species  are  therefore  quite  dissimilar  in  this  respect.  The  vulva  of 
P.  ram  is  more  anterior  in  position,  the  arrangement  of  the  genital 
organs  is  different,  and  the  tail  has  no  prepuce-like  cuticular  sheath, 
although  this  may  be  due  to  immaturity.  On  the  other  hand,  the 
teeth  and  the  arrangements  of  the  cuticle  at  the  anterior  end  of  the 
body  are  very  similar  in  the  two  species.  Physaloptera  praeputialis , 
known  from  Felidae,  has  the  prepuce-like  sheath  at  the  hind  end  of 
the  body,  but  for  the  rest  is  quite  unlike  P.  cams,  except  for  the 
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mode  of  origin  of  the  uteri  from  the  egg  chamber.  Pltysaloylera 
malayensis  of  wild  Felidae  and  Canidae  has  the  prepuce-like  sheath, 
and  the  tail  of  the  male  corresponds  closely  to  that  of  P.  cants,  while 
also  the  horn-like  origin  of  the  uteri  from  the  egg  chamber  is  found 
in  this  species.  However,  the  cuticle  is  very  slightly  reflected  over 
the  lips  and  is  not  at  all  voluminous  anteriorly,  the  external  tooth  is 
as  high  as  the  internal,  the  ratio  of  the  lengths  of  the  two  spicules  is 
quite  different,  and  there  are  minor  differences  in  other  measurements. 
P.  cants , therefore,  appears  to  be  a valid  species,  and  since  it  appears 
to  be  normal  and  is  closely  related  to  P.  'malayensis,  a parasite  of 
related  carnivora,  it  is  probably  a true  parasite  of  the  dog.  The  host 
animal  was  bought  18  days  before  its  death,  and  during  this  period 
had  no  opportunity  of  eating  another  animal  that  could  have  been 
the  host  of  the  parasite. 
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Fig.  2. 

1'hysaloptera  can  is — hind  end  of  female. 
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loth  Annual  Report  of  the  Director  of  Veterinary  Services, 
Union  of  South  Africa.  October,  1929. 


On  the  Morphology  of  a Schistosome  ( Schisto- 
soma mattheei,  sp.  nov.)  from  the  Sheep 
in  the  Cape  Province. 


By  E.  VEGLIA,  Dr. Med. Vet.  (Turin),  late  Veterinary  Research 
Officer,  Onderstepoort ; 
and 

P.  L.  LE  ROUX,  B.Sc.  (Edin.),  M.R.C.V.S.,  Veterinary  Research 
Officer,  Onderstepoort. 


INTRODUCTION. 

In  1926,  Mr.  J.  I.  Edgar,  the  Government  Veterinary  Officer  at 
Port  Elizabeth,  sent  the  Director  of  Veterinary  Education  and 
Research  a few  schistosomes  collected  from  (lie  mesenteric  veins  of 
sheep  in  the  Humansdorp  District.  The  material  which  was  sub- 
mitted to  Veglia  for  identification  was  rendered  practically  useless 
by  its  poor  state  of  preservation.  Veglia  visited  the  infected  farm 
and  collected  material.  The  examination  of  this  proved  the  parasite 
to  he  closely  related  to  Schistosoma,  bovis  (Sonsino)  Khalil  1924. 
More  material  was  subsequently  collected  and  examined  by  Le  Roux, 
who  also  recovered  eggs  from  the  faeces  of  bovines  on  the  infected 
farm. 

As  the  parasite  differed  in  some  important  details  from  S.  bovis 
as  described  by  Khalil,  it  was  thought  advisable  to  obtain  specimens 
of  S.  bovis  from  Italy  and  Egypt. 

Dr.  Khalil  kindly  sent  us  two  males  from  Egypt.  Veglia’s  (1928) 
appeal  for  specimens  from  Italy  was  unproductive,  as  was  the  attempt 
to  obtain  specimens  of  S.  bovis  from  Dr.  Cawston  in  Durban. 

Having  failed  to  obtain  the  desired  material,  it  was  decided  to 
accept  Khalil’s  (1924)  description  of  S.  bovis  as  that  of  the  parasite 
recovered  by  Sonsino  from  cattle  and  sheep  in  Egypt. 

Sonsino’s  description  of  the  parasite  is  not  available  in  South 
Africa,  and  we  had  to  accept  the  description  as  quoted  by  others. 

The  South  African  species  for  which  the  name  Schistosoma 
mattheei , sp.  nov.,  is  designated  can  be  differentiated  from  S.  bovis 
(Sonsino)  Khalil  1924,  both  morphologically  and  by  the  pathological 
lesions  provoked  in  sheep. 

MORPHOLOGY. 

The  parasites  collected  from  the  portal  vein,  its  tributaries,  and 
its  hepatic  ramifications  were  preserved  in  10  per  cent,  formalin  in 
some  cases  and  in  70  per  cent,  alcohol  in  others,  after  washing  in 
physiological  saline. 
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Male  Characters. 

The  males,  which  are  white  in  colour,  were  readily  observed  in 
the  mesenteric  veins  or  in  the  blood  collected  from  the  portal  vein. 

Specimens,  dropped  alive  into  the  preservative,  appeared  with 
the  anterior  portion,  bearing  the  suckers  relatively  short,  and 
straight  (Fig.  1),  or  flexed  dorsally  at  the  ventral  sucker.  In  other 
specimens  the  anterior  sucker  was  directed  ventrally  (Fig.  2). 

In  the  males,  allowed  to  die  in  physiological  saline  or  in  the 
case  of  specimens  allowed  to  die  in  the  veins  prior  to  collection,  the 
anterior  portion  was  comparatively  straight. 

The  d|fferent  measurements  of  both  males  and  females  were 
affected  by  the  modes  of  preservation  adopted.  In  specimens  similarly 
treated  and  measured  the  same  structures  showed  variations  indicating 
that  certain  measurements  are  of  little  or  no  generic  importance. 

Dropping  live  parasites  into  the  preserving  fluid  produced 
strongly  contracted  specimens.  These  were  difficult  to  handle  for 
obtaining  accurate  measurements. 

The  measurements  given  below  are  of  specimens  preserved  in  70 
per  cent,  alcohol  or  10  per  cent,  formalin  after  allowing  them  to  die 
in  normal  saline. 

The  males  measure  17  to  22  mm.  in  length.  The  average  was 
18  to  19.5  mm.  With  the  lateral  edges  folded  in,  the  maximum 
diameter  was  about  1 mm.,  but  in  flattened-out  specimens  this  was 
practically  doubled. 

The  anterior  sucker  with  a lateral  diameter  of'  0.4  mm.  was  placed 
obliquely,  facing  antero-ventrally.  The  inner  surface  of'  its  strongly 
muscular  wall  is  lined  with  strong  spines.  These  spines  were 
prominent  on  the  buccal  surface  of  the  dorsal  portion,  projecting 
anteriorly  beyond  the  ventral  one. 

The  ventral  sucker,  placed  approximately  1 mm.  behind  the 
anterior  sucker,  is  either  fully  (Fig.  1)  or  partially  extruded  or 
wholly  retracted  into  the  body  (Fig.  2).  When  fully  extruded  its 
lateral  diameter,  slightly  more  than  its  antero-posterior,  is  about 
0.5  to  0.G  mm.  Its  ventral  surface  is  lined  with  spines. 

Genitalia. — These  consist  on  an  average  of'  four  to  six  testes, 
antero-posteriorly  compressed  (Figs.  1 and  2),  a seminal  vesicle 
anterior  to  the  testes,  and  a short  ejaculatory  duct  which  opens  in 
the  middle  line,  posterior  to  the  ventral  sucker  and  at  the  beginning 
of  the  fjynaecophorus  canal. 

This  canal,  formed  by  the  ventrally  folded-in  lateral  edges, 
begins  about  0.5  mm.  behind  the  ventral  sucker  and  runs  the  full 
length  of'  the  worm. 

Its  inner  surface  is  armed  with  spines,  while  the  dorsum  or 
outer  aspect  of'  this  portion  of  the  body  is  studded  with  numerous 
cuticular  tubercles  armed  with  spines. 

The  portion  of  the  body  carrying  the  armed  suckers  is  smooth 
and  unarmed. 

The  alimentary  canal  begins  anteriorly  as  a continuation  of  the 
funnel-shaped  depression  of  the  anterior  sucker;  it  continues 
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posteriorly  to  bifurcate  on  reaching'  the  ventral  sucker.  The  two 
intestinal  caeca  do  not  reunite  (Fig.  4),  or,  if  they  do,  only  shortly 
before  the  posterior  extremity  is  reached.  They  bifurcate  again  into 
two  short  caeca,  one  shorter  than  the  other  (Fig.  5).  In  some 
specimens  the  intestinal  caeca  have  been  observed  to  reunite  and 
bifurcate  three  to  four  times  before  ending  in  a single  caecum  (Fig.  (i) 
or  in  two  short  caeca. 

The  excretory  system  does  not  differ  from  that  described  for 
other  schistosomes. 


The  Female  Characters. 

The  females  are  cylindrical  in  shape,  with  the  ovary  situated 
about  the  junction  of  the  anterior  and  posterior  halves.  The  average 
length  of  the  females  varied  between  IT  and  25  mm.  They  were  of  a 
dark  colour  imparted  to  them  by  the  dark  intestinal  contents.  From 
the  ovary  the  worm  tapers  anteriorly.  Posteriorly  practically  no 
diminution  in  breadth  is  discernible  until  the  very  extremity  is 
reached. 

The  anterior  and  the  ventral  suckers  are  much  reduced  compared 
with  those  of  the  male,  but,  like  them,  are  armed  with  spines.  The 
rest  of  the  body  is  smooth  and  unarmed. 

The  alimentary  canal  bifurcates  immediately  in  front  of  the 
ventral  sucker  into  the  caeca,  these  reunite  on  reaching  the  caudal 
extremity  of  the  ovary  and  continue  as  a common  caecum  to  within 
0.1  mm.  of  the  posterior  extremity. 

The  genitalia  comprise  the  usual  organs  met  with  in  trematodes. 
The  vulva,  situated  immediately  behind  the  ventral  sucker,  leads  into 
a uterus  measuring  8-9  mm.  in  length,  and  containing  from  five  to 
ninety-five  ova.  It  terminates  posteriorly  at  the  shell  gland,  which 
is  an  ill-defined  mass  of  tissue  lying  in  front  of  the  ovary.  Into  it 
passes  the  oviduct  from  the  caudal  extremity  of  the  ovary. 

The  common  vitelline  duct,  formed  by  the  union  of  the  two  main 
lateral  ducts,  posterior  to  the  ovary,  accompanies  the  oviduct  past 
the  ovary,  and  then  seems  to  fuse  with  it  on  reaching  the  shell  gland. 

An  ovary,  measuring  approximately  1 mm.  in  length  with  a 
maximum  diameter  of  about  0.2  mm.,  lies  partially  between  the 
intestinal  caeca,  immediately  in  front  of  their  reunion. 

The  vitelline  glands  surround  the  posterior  common  caecum  and 
occupy  practically  the  whole  posterior  half  of  the  worm  (Fig.  1). 
In  most  specimens  they  stop  only  within  0.19  mm.  of  the  posterior 
extremity.  The  excretory  pore  is  subterminal. 

The  eggs  in  the  uterus  measure  from  92  y x 40  y to  170  y 
x 44  y,  while  the  eggs  passed  in  the  faeces  measured  170  y x 72  y 
to  280  y x 84  y.  The  average  in  the  latter  group  was  180  240  y 
x 60  - 80  y. 

The  eggs  in  a preserved  portion  of  the  caecum  measured  160  y 
x 60  y to  200  y x 80  y. 

There  is  no  doubt  that  the  ova  continue  to  increase  in  size  after 
being  deposited  in  the  venules. 
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TABLE 

The  Chief  Measurements  of  the  Females 


Authors 

Khalil  (1924) 

Various  authors  quoted 
by  Montgomery 
(1906) 

Locality 

Egypt 

Egypt  and  Italy 

Species 

S.  bovis 

S.  bovis 

Hosts 

Cattle  and  sheep 

Cattle  and  sheep 

Habitat 

Veins,  alimentary  tract 
and  uro-genital 
organs 

Veins,  alimentary  tract 
and  uro-genital 
organs 

Length  of  worm 

12-17  mm. 

15-20  mm. 

Length  of  the  common  caecum 

3-4  mm. 

12-14  mm. 

Eggs  passed  in 

Faeces  and  urine 

Faeces  and  urine 

fin  utero 

Measurements  ] T , „ 

p , 1 < In  gut- wall 

of  the  eggs  | & 

l^In  faeces 

f 160-180/* 

1 X 
50-60 fx 

f 160-1 80/* 

< x 

40-50 /x 
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No.  1. 

of  S.  mattheei,  sp.  nov.,  and  Related  Species. 


Neumann  and  Meyer 
(1914) 

Montgomery  (1906) . . . 

Bertolini  (1908) 

Veglia  and  Le  Roux. 

Egypt 

India 

Italy 

Cape  Province. 

S.  bovis 

S.  indicum 

A variety  of  8.  bovis 

8.  mattheei,  sp.  nov. 

Cattle  and  sheep 

Equines  and  sheep.  . . 

Cattle 

Cattle  and  sheep. 

— 

Veins,  alimentary  tract 

Veins,  alimentary  tract 

Veins,  alimentary  tract. 

13-18  mm. 

10-17  mm. 
(Average  13-5  mm.) 

20-27  mm. 

17-25  mm. 

— 

5 -5-6  -5  mm. 

14  mm. 

8-12  mm. 

- 

Faeces 

Faeces 

Faeces. 

ri50-16(V  x 38/x 

[240  X 6 0/a 

r ioo-i  i5/x 

Immature  -<  X 

[_  44-48^ 
f 125-136 /m 
Mature  f X 

53-60/m 

132-165/t  x 30 — 44/lx 
181-198/m  X 39-49/m 
214— 247/m  X 53-59/m 

92-170/m  x 40-44/x 
160-200/a  X 60-80/a 
1 80-240 /m  X 60-8  0/a 
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The  ova  passed  in  the  faeces  may  be  oval  or  fusiform.  The 
spine  is  well  developed  and  terminal. 

From  the  description  of  this  species  it  would  appear  to  be  related 
to  Schistosoma  m indicum  Montgomery  1900,  Schistosoma  hovis 
(Sonsino)  Khalil  1924,  and  Bilharzia  crassa  (Sonsino)  Bertolini  1908. 

The  different  measurements  given  for  Schistosoma  hovis 
(Sonsino)  by  various  authors  are  given  in  Table  1,  together  with  those 
of  S.  indicum  and  S.  mattheei,  sp.  nov. 

From  these  data  it  is  evident  that  the  species  described  in  this 
article  is  distinct  from  S.  indicum  and  S.  hovis  (Sonsino)  Khalil  1924, 
but  probably  identical  with  the  species  recorded  from  Italy  and 
held  by  Bertolini  to  be  a variety  of  S.  hovis  (Sonsino). 

As  regards  the  pathological  lesions  observed,  the  new  species  has 
never  been  found  invading  the  urino-genital  organs  nor  producing* 
lesions  as  recorded  for  S.  hovis  by  Sonsino,  Khalil,  and  others. 
Bilharzia  crassa  of  Bertolini  behaves  in  this  respect  as  .S',  mattheei, 
sp.  nov.,  and  is  probably  identical  with  it.  The  re-examination  of 
the  Italian  bovine  and  ovine  schistosome  is  therefore  required. 
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A male  of  Schistosoma  matthei  sp.  nov.,  with  the  ventral  sucker 
extruded.  Magn.  14  X. 


A male  of  Schistosoma  mattheei  sp.  nov.,  with  the  anterior  extremity  of 
the  female  clasped  in  the  gynaecophorus  groove.  Magn.  13  X. 
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Transverse  section  of  a male  with  a female 
Female  sectioned  posterior  to  the  union  of 
in  a vein.  Magn.  75  X. 


in  the  gynaecophorus  groove, 
the  intestinal  caeca.  Parasites 


F.  VEGLIA  AND  P.  L.  LE  ROUX 


345 


MORPHOLOGY  OF 


SCHISTOSOMA  MATTHEEI. 


6 t 


7 7 


Figs.  7-10.- — Eggs  deposited  in  the  wall  of  the  caecum. 
Figs.  11-17. — Eggs  from  the  faeces. 

Figs.  18-22. — Eggs  from  the  uteri  of  two  females. 
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Remarks  on  the  Habits  and  the  Pathogenesis 
of  Schistosoma  mattheei,  together  with 
Notes  on  the  Pathological  Lesions  observed 
in  Infested  Sheep. 


By  P.  L.  LE  ROUX,  B.Sc  (Edin.),  M.R.C.V.S.,  Veterinary 
Research  Officer,  Omlerstepoort. 


INTRODUCTION. 

The  prevalence  of  Schistosomiasis  as  an  ovine  malady  of  Merinos 
in  the  Cape  Province  was  first  recognized  in  192G  when  Mr.  Edgar, 
the  Government  Veterinary  Officer  then  stationed  at  Port  Elizabeth, 
was  questioned  by  a young  farmer,  Mr.  S.  W.  Matthee  (L.’s  son), 
about  peculiar  white  objects  seen  in  the  mesenteric  veins  of  his  dying 
sheep. 

Before  describing  the  habits  of  S.  mattheei  Veglia  and  Le  Roux, 
1929,  in  the  definitive  host  or  recording  the  pathological  lesions 
provoked  by  this  species,  it  seems  desirable  to  review  briefly  the 
lesions  attributed  to  certain  schistosomes  parasitizing  cattle  and  sheep. 

Although  the  pathological  lesions  associated  with  the  three 
common  human  schistosomes  have  received  the  attention  of  a host  of 
investigators  and  have  been  dealt  with  in  innumerable  publications, 
the  pathology  of  the  analogous  disease  in  domestic  stock  has  been 
sorely  neglected. 

It  is  surprising  that,  although  schistosomiasis  of  domestic 
animals  has  been  known  since  187G  and  is  widespread,  pathologists 
have  little  availed  themselves  of  f he  opportunity  of  studying  the 
analogous  disease  in  domestic  stock.  A comparative  study  would 
undoubtedly  have  resulted  in  the  elucidation  of  various  points,  asso- 
ciated with  human  schistosomiasis,  which  have  puzzled  man  for  years. 

Experimentation  with  domestic  stock  would  have  facilitated  and 
permitted  experiments  to  which  man  cannot  he  submitted. 

Fairley  (1920),  utilizing  monkeys  for  investigating  some  of  the 
more  puzzling  points,  made  interesting  observations.  His  experiments 
have  added  to  our  knowledge  of  the  lesions  provoked.  The  same 
author  four  years  later  used  goats  to  test  the  efficacy  of  tartar  emetic 
and  emetine  hydrochloride  against  S.  sjnndalis. 

The  smaller  laboratory  animals,  and  even  tiie  domestic  fowl, 
have  within  recent  years  been  utilized  in  determining  the  life-cycles 
of  the  common  human  schistosomes.  Although  the  cat  and  the  dog 
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are  very  suitable  experimental  animals  for  the  study  of  the  pathology 
and  habits  of  S.  japonicum,  I have  been  unable  to  trace  much  litera- 
ture in  this  connection. 

OBSERVATIONS  ON  THE  HABITS  OF  “ S.  MATTHEEI.” 

As  some  of  the  observations  on  the  behaviour  of'  S.  mattheei  in 
the  definitive  host  are  at  variance  with  those  recorded  for  other 
schistosomes,  I propose  dealing  with  my  findings  in  detail. 

THE  DISTRIBUTION  OF  THE  PARASITE  IN  THE  SHEEP. 

The  pathological  lesions  produced  by  schistosome  infestation  have 
been  shown  by  various  investigators  to  be  closely  related  to  the  veins 
invaded. 

The  habitat  of  mattheei  was  found  to  be  influenced  by  certain 
factors  and  it  is  accordingly  considered  advisable  to  discuss  the 
distribution  of  the  parasite  in  the  definitive  host  as  observed  in  sheep 
killed  for  autopsy,  in  sheep  killed  after  treatment,  and  in  sheep  dead 
from  natural  causes. 

(a)  The  Distribution  of  the  Parasite  in  Naturally  Infected 
Sheep  hilled  for  Autopsy. 

In  the  majority  of  sheep  killed  for  autopsy  the  adult  schistosomes 
were  most  abundant  in  the  smaller  veins  draining  the  small  intestine 
and  the  caecum.  They  were  less  frequent  in  the  larger  radicles  of 
the  portal  vein,  the  portal  vein  itself,  and  its  hepatic  ramifications. 

In  animals  not  heavily  infected,  schistosomes  were  rather 
infrequent  in  the  hepatic  branches  of  the  portal  vein.  This  predilection 
for  the  small  intestine  and  the  caecum  accounts  for  the  heavy  deposits 
of  ova  in  the  submucosa  and  the  mucosa  of  these  parts. 

The  invasion  of  the  veins  draining  the  rumen,  reticulum , 
omasum,  abomasum,  pancreas,  colon,  rectum , and  mesenteric  lym- 
phatic y lands  was  as  a rule  very  light.  Nevertheless,  a careful  search 
revealed  the  presence  of  specimens.  The  splenic  vein  was  very 
seldom  invaded.  In  none  of  these  cases  were  schistosomes  observed 
in  tbe  veins  draining  the  urino-genital  organs.  A careful  search  of 
the  posterior  vena  cava  and  its  pelvic  branches,  the  cavities  of  the 
heart,  and  the  pulmonary  arteries  and  veins  failed  to  reveal  any 
parasites. 

(b)  The  Distribution  of  the  Parasites  in  Animals  which  had  received 
Intravenous  Injections  of  Tartar  Emetic,  Emetine  Hydro- 
chloride and  Sb.  212. 

That  the  administration  of  the  drugs  mentioned  caused  the 
affected  parasites  to  migrate  from  their  normal  habitations  was 
evident  from  the  finding  of  abnormally  small  ^schistosomes  in  great 
numbers  in  tbe  portal  vein  and  its  hepatic  branches  and  in  fail- 
numbers  in  the  right  heart,  the  posterior  vena  cava,  and  the 
pulmonary  arteries  and  their  sub-divisions. 

No  parasites  were  recovered  from  the  left  heart,  tbe  coronary 
arteries,  the  pulmonary  veins,  tbe  aorta  and  its  branches,  nor  in  the 
veins  of  the  urino-genital  tract. 
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(c)  The  Distribution  of  the  Parasites  in  Animals  dead  from 
l ntercu vrent  Diseases . 

The  observations  were  made  on  animals  which  had  died  from 
heartwater  on  the  infected  farm,  and  on  animals  which  had  died 
shortly  after  arrival  at  this  Institute.  The  infected  animals  stood 
the  820  miles  railway  journey  lasting  four  to  five  days  very  badly. 

The  distribution  of  the  schistosomes  in  animals  which  had  suc- 
cumbed after  a prolonged  period  of  decubitus  showed  a variation  from 
the  two  groups  described  above.  In  these  cases  there  was  a decrease 
of  parasites  in  the  venules  and  smaller  veins  draining  the  small 
intestine  and  caecum,  but  a marked  increase  of  parasites  in  the 
larger  tributaries  of  the  portal  vein.  The  blood-clots  from  the  portal 
vein  and  its  hepatic  branches  contained  schistosomes  in  great  abun- 
dance. In  most  of  these  animals  schistosomes  were  present  in  fair 
numbers  in  the  right  ventricle  and  auricle  and  the  pulmonary  arteries 
and  their  ramifications.  None  were  present  in  the  left  heart, 
pulmonary  veins,  or  the  veins  of  the  urino-genital  organs. 

CONCLUSION  AND  DISCUSSION. 

From  the  observations  on  these  three  groups  it  is  evident  that 
normally  the  adult  S.  mattheei  inhabits  the  tributaries  of  the  portal 
vein,  but  that  adverse  conditions  cause  the  parasite  to  migrate  into 
other  localities. 

Probably  in  the  case  of  the  dying  animal  the  toxins  diffusing 
into  the  bloodstream  from  the  decomposing,  stagnant  alimentary 
contents,  cause  the  parasites  to  forsake  their  normal  habitat  in  search 
of  a more  congenial  one  elsewhere.  With  the  administration  of 
drugs  lethal  to  schistosomes  the  same  results  were  obtained. 

Although  it  has  been  assumed  (Fairley,  1920)  that  schistosomes 
can  reach  the  pulmonary  arteries  via  the  haemorrlioidal  plexus,  this 
has  not  to  my  knowledge  been  confirmed. 

Larnpe  (1927)  is  of  the  opinion  that,  in  cases  of  heavy  infesta- 
tions, some  cercariae  may  remain  in  the  pulmonary  arteries  and  com- 
plete their  development  there.  He  further  states:  “My  opinion, 

based  upon  pathological-anatomical  alterations  in  the  lungs  of  bilhar- 
zia  patients,  is  that  full-grown  parasites  in  the  lungs  need  not  lie 
rare.”  He  records  a case  where  he  squeezed  y few  full-grown  S.  mansoni 
from  the  pulmonary  vessels.  He  unfortunately  does  not  specify 
whether  these  were  from  the  arteries  or  the  veins  nor  does  he  specify 
whether  the  observations  were  made  on  a human  who  had  succumbed 
prior  or  subsequent  to  the  administration  of  a drug  lethal  to  schisto- 
somes. 

Turner  (1909)  records  adult  schistosomes  (A.  haematobium ) from 
the  pulmonary  vessels  of  natives  who  died  on  the  gold  mines  in 
Johannesburg.  Houghton  (1923)  records  S.  japonicum  from  the 
pulmonary  arteries  of  man. 

The  presence  of  adult  schistosomes  in  the  lungs  of  man  and 
animals  has  been  recorded  by  only  a very  few  investigators. 

OBSERVATIONS  ON  THE  MIGRATION  OF  OVA. 

Fairley  (1920)  discusses  in  detail  the  penetration  of  tin*  wall  of 
the  venule  and  the  passage  of  the  ova  of  A'.  mansoni  and  S.  haema- 
tobium into  the  perivenous  tissue.  According  to  him,  the  spines  of 
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the  deposited  ova  engage  the  vessel  wall  and  pierce  it.  The  force  of 
the  venous  bloodstream  drives  the  ova  through  the  wall  of  the  venule. 
I fail  to  see  how  the  force  of  the  venous  bloodstream  alone  can  accom- 
plish this.  Should  the  rupture  of  the  venules  and  the  migration  of 
the  ova  through  the  tissues  into  the  lumen  of  the  gut  not  be  attri- 
buted partly  to  the  peristalsis  of  the  intestines?  During  slight  con- 
stipation, ova  and  bloodstained  mucus,  containing  ova  in  clumps, 
were  more  abundant  than  with  softer  faeces.  This  seems  to  indicate 
that  the  migration  and  liberation  of  ova  deposited  in  the  latter  part 
of  the  large  intestine  is  greatly  influenced  by  the  passage  of  rather 
firm  faeces  along  the  alimentary  tract. 

Fairley  (1920)  describes  the  passage  of  the  ova  from  the  peri- 
venous tissue  into  the  lumen  of  the  gut  as  follows:  “ The  spines,” 
after  piercing  the  wall  of  the  venules,  “ take  no  part  in  the  process 
of  extrusion  of  the  ova  through  the  tissues  to  the  exterior,  which  is 
dependent  on  the  inflammatory  softening  and  cellular  accumulation 
in  its  vicinity.” 

This  statement  cannot  be  accepted.  The  pathological  changes 
observed  in  sheep  and  guinea-pigs  disprove  it. 

Dew  (1923)  expresses  views  similar  to  those  of  Fairley.  It  seems 
unlikely  that  the  ova  deposited  in  the  intestine  of  man  and  monkeys 
should  behave  differently  from  those  in  sheep  and  guinea-pigs. 

In  Byam  and  Archibald  (1923)  we  read  that  the  ova  progress 
through  the  tissues  by  elaborating  a toxin  and  that  the  ova  conse- 
quently become  surrounded  by  eosinophiles,  polymorphonuclears,  and 
small  mononuclears.  The  progress  is  therefore  attributed  to  a process 
of  ulceration. 

According  to  Hutchison  (1928),  the  escape  of  the  ova  from  the 
mucosa  is  accomplished  by  a process  of  ulceration,  described  as  fol- 
lows: “ An  intense  inflammatory  reaction  occurs  with  the  accumula- 
tion of  many  leucocytes,  lymphocytes,  and  endothelial  cells.  Among 
the  leucocytes  is  a large  number  of  eosinophiles.  Irritation  of  the 
mucosa  and  the  loss  of  its  normal  resistance  to  bacterial  invasion  result 
in  actual  abscess  formation.  The  abscesses  are  as  a rule  very  super- 
ficial. As  they  rupture  into  the  lumen  of  the  intestine  or  bladder, 
they  discharge  ova  together  with  their  contents.  Granulations  spring 
up  at  once  in  the  ulcerated  areas  and  may  become  excessive.  As  they 
grow  they  continue  to  carry  ova  up  through  the  mucosa  to  the  surface. 
From  the  fact  that  adult  parasites  are  commonly  found  in  the  loose 
areolar  tissue  under  such  areas  of  ulceration  and  granulation  tissues, 
and  from  the  large  number  of  ova  in  such  a place,  it  seems  likely 
that  the  gravid  female  is  attracted  to  areas  where  the  processes  of 
tissue  repair  are  active.” 

It  seems  most  unfortunate  that  such  conclusions  should  have  been 
arrived  at  from  the  study  of  material  collected  from  heavily  infested 
humans  where  death  had  probably  intervened  only  after  a protracted 
period  of  decubitus.  It  seems  most  unlikely  that  the  material 
examined  was  obtained  from  subjects  which  had  succumbed  from  pure 
infections  of  schistosomes.  It  is  a well-recognized  fact  that  the  type 
of  Egyptian  on  which  post-mortems  are  allowed  is  of  the  working 
class.  He  is  not  uncommonly  a subject  of  malnutrition  and  not 
infrequently  heavily  infested  with  a host  of  endo-parasites,  protozoal 
as  well  as  metazoa!. 
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My  experience  with  sheep  is  that  only  those  free  of  other  diseases 
affecting  the  alimentary  tract,  and  killed  for  autopsy,  are  suitable 
subjects  in  which  to  study  the  migration  of  the  ova  through  the  tissues 
into  the  lumen  of  the  gut. 

THE  MIGRATION  OF  THE  SCHISTOSOMES  IN  THE 
BLOOD-VESSELS. 

Fairley  (1920),  recording  his  observations  on  S.  haematobium 
and  S.  mansoni,  states  that  progression  within  the  veins  is  by  peri- 
staltic-like movements  of  the  body  and  hv  the  action  of  the  ventral 
sucker. 

In  the  case  of'  S.  mattheei  progression  is  by  a rather  interesting 
cycle  of  somatic  movements,  depending  on  the  calibre  of  the  invaded 
blood-vessels. 

In  the  larger  veins,  with  the  wall  not  contracting  on  the  body 
of  the  parasite,  progression  is  essentially,  if  not  wholly,  by  prolonga- 
tion and  contraction  of  the  portion  of  the  body  situated  anterior  to  the 
ventral  sucker,  aided  by  the  two  suckers  acting  as  organs  of  fixation. 
The  parasite  proceeds  as  follows  : It  anchors  itself  to  the  wall  of  the 
vein  by  means  of  its  ventral  sucker  armed  with  spines ; the  portion 
anterior  to  the  ventral  sucker  is  protruded,  and  whilst  fully  extended, 
the  armed  convex  ventral  surface  of  the  projecting  dorsal  portion  of 
the  anterior  sucker  is  firmly  affixed  to  the  vessel  wall;  the  ventral 
’sucker  is  released  and  the  protruded  portion  contracts.  Considerable 
ground  is  thus  covered  with  each  cycle  of  movements  completed. 

Progression  in  the  smaller  veins,  distended  by  the  parasite,  is 
somewhat  modified.  The  posterior  portion  of  the  body  is  now  also 
actively  utilized.  Since  the  anterior  portion  can  no  longer  drag 
along  the  rest  of  the  body,  we  find  that  the  massive  posterior  portion 
forces  itself  along  by  a series  of  somatic  prolongations  and  contrac- 
tions. The  well-developed  layers  of  muscles  are  now  brought  into 
play.  The  cycle  of  events  here  is  somewhat  as  follows:  A portion 
contracts,  forming  a circular  swelling  distending  the  enveloping  vein 
still  further  and  fixes  the  parasite,  while  the  immediately  anterior 
portion  is  protruded  along  the  vessel:  a swelling  as  described  above 
now  forms  at  the  end  of  the  extended  portion.  This  enables  the 
posterior  portion  of  the  parasite  to  be  drawn  forward. 

Several  of  these  circular  swellings  may  be  observed  to  appear 
simultaneously  along  the  body.  The  retreat  of  the  parasite  from  an 
invaded  and  distended  venule  is  undoubtedly  achieved  in  like  manner, 
but  in  the  reverse  direction. 

The  cutieular  tubercles,  armed  with  spines,  on  the  external 
(dorsal)  surface  of  the  male  are  undoubtedly  adaptations  for  facili- 
tating and  accelerating  progress.  That  their  presence  is  not  absolutely 
•essential  for  migration  is  proved  by  their  absence  in  S.  japonicum,  a 
species  parasitizing  man,  his  domestic  stock,  and  other  mammals  in 
the  Far  East. 

The  presence  of  a dorsal  groove,  not  hitherto  described  for  male 
schistosomes,  may  now  he  recorded.  This  groove,  extending  from  the 
shoulders  posteriorly,  was  not  only  evident  in  transverse  sections  of 
the  parasite  in  tissues,  but  also  in  the  fresh  and  in  the  preserved 
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specimens.  Anteriorly  it  is  deep,  but  becomes  more  shallow  poste- 
riorly. That  one  of  the  human  schistosomes  possesses  a similar  groove 
is  evident  from  Hutchison’s  (1928)  figure  3,  plate  2.  It  is  quite 
probably  an  adaptation  to  prevent  total  arrest  of  the  venous  flow  in 
the  invaded  veins.  Complete  stagnation  of  blood  in  a vein  would 
undoubtedly  affect  the  parasite  adversely. 

Fairley  (1920)  and  Hew  (1923)  state  that  the  females  of  S.  haema- 
tobium and  S.  mansoni  leave  the  males,  when  the  time  for  oviposition 
arrives,  to  invade  the  smaller  venules  of  the  selected  organs.  This 
desertion  of  males  was  not  manifested  by  the  females  of  S.  mattheei. 
Males  still  partially  embracing  the  females  were  often  encountered  in 
the  submucosa  of  the  invaded  alimentary  tract.  I have,  hitherto,  not 
yet  encountered  females,  unaccompanied  by  males,  in  the  wall  of  the 
digestive  tube. 

It  seems  quite  unnecessary  that  females,  in  search  of  venules  in 
which  to  oviposit,  should  abandon  the  males.  The  arrangement  of 
the  venules  within  the  wall  of  the  gut  is  such  that  numerous  venules, 
suitable  for  oviposition,  are  within  easy  reach.  In  the  many  cases, 
examined  the  female  does  not  necessarily  continue  in  the  vein  selected 
by  the  male,  but  was  almost  without  exception  found  with  her  anterior 
half  invading  a small  collateral  tributary  of  the  vein  holding  the  male. 

The  progression  of  the  female  within  the  venules  is,  as  in  the 
males,  accomplished  by  a series  of  somatic  movements,  in  which  the 
anterior  and  ventral  suckers  and  the  intervening  portion  of  the  body 
play  a not  insignificant  role.  The  mode  of  retrogression  from  the 
invaded  venule  appears  to  be  accomplished  by  a contraction  of  the 
body,  commencing  at  its  attachment  to  the  male,  and  by  traction 
applied  by  the  male.  It  would,  therefore,  appear  essential  that  a 
portion  of  the  female  be  permanently  clasped  by  the  male. 

Most  of  the  pairs  encountered  in  the  large  veins  appeared  with 
a short  length  of  the  caudal  extremity  of  the  female  trailing  behind 
and  with  the  cephalic  portion  just  protruding  from  the  anterior  limit 
of  the  gynaecophorus  groove.  In  others  the  female  is  wholly 
imprisoned  in  this  groove  and  eggs  are  occasionally  deposited  here. 

Whether  the  spines  in  the  gynaecophorus  groove  allow  the  male 
the  recovery,  actively  or  passively,  of  the  ovipositing  female  is  not 
definitely  settled.  That  muscles  control  their  direction  is  evident, 
but  whether  they  are  actively  or  passively  utilized  to  allow  the 
partial  escape  and  the  total  recovery  of  the  female  is  still  to  be  solved. 

It  seems  possible  that  the  female,  uterus  laden  with  eggs  (seventy 
to  ninety  is  a common  number),  migrates  into  a venule.  As  she  is 
withdrawn  by  the  male,  the  venule,  closely  contracting  on  her  body, 
forces  the  eggs  out.  The  presence  of  forty  or  more  eggs  lying  in  a 
row  and  partly  overlapping  each  other  seems  to  favour  this  mode  of 
oviposition  more  than  that  outlined  by  Fairley  (1920).  The  uterus 
having  been  emptied  of  most  of  its  eggs,  flic  female  withdraws  or  is 
withdrawn  into  the  gynaecophorus  groove  of  the  male  to  feed,  and 
produce  more  eggs.  The  fact  that  parasites  were  never  encountered 
singly,  in  sheep  destroyed  for  autopsy,  seems  to  indicate  that  schisto- 
somes are  normally  monogamous.  That  separation,  by  accident,  must 
occasionally  occur  is  to  be  expected. 
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In  animals  which  had  succumbed  after  prolonged  decubitus  and 
In  animals  subjected  prior  to  destruction  to  drug-treatment,  single 
males  and  females  were  occasionally  observed  in  the  larger  tributaries 
and  hepatic  branches  of  the  portal  vein  and  in  the  pulmonary  arteries. 

In  none  of  the  naturally  infected  sheep  were  males  more  frequent 
than  females,  as  recorded  for  other  schistosomes  [Montgomery  (1906) 
and  Fairley  (1920)].  These  authors  based  their  finding  on  parasites 
collected  solely  from  the  portal  vein  and  its  hepatic  branches. 

The  females,  owing  to  their  dark  colour,  are  not  so  easily 
detected  in  the  clotted  blood  as  are  the  stouter  and  lighter  coloured 
males.  Montgomery  examined  animals  which  had  either  died  of 
Surra , in  the  case  of  equines,  or  of  Gillar,  in  the  case  of  sheep.  In 
the  case  of  the  monkeys  and  the  goats  artificially  infected  by  Fairley, 
the  predominance  of  males  may  be  attributed  to:  (i)  that  more  male 
than  female  producing  cercariae  [Cort  (1921),  Faust  (1927),  and 
Severinglmns  (1928)]  were  administered;  or  (ii)  that  prior  to  death, 
nr  as  the  result  of  treatment  with  drugs,  the  males  became  separated 
from  the  females,  which,  for  reasons  given  above,  were  not  so  readily 
■detected. 

THE  PATHOLOGICAL  LESIONS  RECORDED  FOR  SOME 
OF  THE  KNOWN  ANIMAL  SCHISTOSOMES. 

In  1876  Sonsino  recovered  a schistosome  from  the  portal  vein  of 
a hull  at  Zagazig  in  Egypt.  On  account  of  the  peculiar  shape  of'  the 
ova,  he  regarded  it  as  a new  species  and  named  it  Bilharzia  bovis. 
•On  recovering  it  the  following  year  from  the  .portal  veins  of  sheep, 
he  changed  the  name  to  Bilharzia  crassa.  No  matter  how  unsuitable, 
the  former  name  has  preference. 

Having  been  unsuccessful  in  obtaining  Sonsino’s  original  com- 
munication describing  the  lesions  observed  in  infested  sheep  and 
cattle,  I shall  quote  his  findings  as  translated  by  Fleming  (1892)  from 
Neumann  (1888).  These  read: 

“ In  an  ox,  the  blood  of  which  furnished  thirty  of  these  parasites, 
Sonsino  observed  very  pronounced  intestinal  catarrh,  with  thickening, 
exudation,  and  ecohymoses  in  the  walls  of  that  tube.  The  vesical  mucous 
membrane  was  ecchymosed  and  covered  with  papilliform  elevations,  which 
were  yellow  at  the  point  and  about  the  size  of  a pin’s  head.  The  vessels 
contained  the  ova  of  Bilharzia.” 

In  the  same  paragraph  the  author  continues:  “ It  is  possible 
that  the  haematuria  which  so  frequently  affects  cattle  in  East  Africa 
.and  the  Cape  of  Good  Hope  is  due  to  this  parasite.”  It  is  not  quite 
clear  whether  this  last  quotation  should  he  attributed  to  Sonsino  or 
Neumann  himself. 

Neumann’s  (1888)  statement: 

“ Le  Ii.  crassa  determine  chez  les  animaux  des  desordres  analogues 
a ceux  (iii’engendre  chez  l’homme  le  Ii.  haematobia  ” 

has  undoubtedly  influenced  many  subsequent  authors  of  textbooks  on 
Veterinary  Parasitology  and  Pathology. 

Stiles’  (1898)  statement : 

“ ’the  worm  is  said  to  bring  about  in  cattle  and  sheep  the  same 
lesions  of  the  bladder,  intestine,  etc.,  which  S.  haematobium  causes  in 
man  ” 
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has  apparently  influenced  American  veterinary  literature.  According 
to  Stiles  (1898),  two  transport  bullocks  suspected  of  being  affected 
with  rinderpest  were  destroyed  in  Calcutta.  From  the  anus  of  one, 
Bomford  removed  papillomatous  growths  harbouring  ova  resembling 
those  of  S.  haematobium.  In  the  mucosa  and  submucosa  of  the 
caecum  from  the  other  he  observed  numerous  ova. 

Kaupp  (1918),  discussing  “ Schistosomum  bovis ,”  writes:  — 

“ The  flukes  are  found  principally  inhabiting  the  veins  of  the 
abdomen,  more  especially  the  venous  plexuses  of  the  bladder  and  rectum. 
They  may  cause  nephritis,  cystitis,  and  as  a result  bloody  urine  or 
faeces.  The  adjacent  lymph  glands  become  hypertrophied.  The  condition 
may  terminate  in  death." 

Underhill  (1920),  in  a textbook  on  Veterinary  Parasitology,  con- 
siders under  the  heading  “ Bilharziosis  ” only  Schistosoma  bovis  and 
mentions  haematuria,  painful  micturition,  bloodstained  faeces,  and 
“ a condition  somewhat  resembling  piles  ” as  the  chief  symptoms  of 
schistosomiasis  in  cattle  and  sheep.  According  to  this  author,  most 
animals  being  only  lightly  infected,  show  a slight  chronic  cystitis, 
whereas  heavily  infected  beasts  may  succumb  from  rupture  of  the- 
urinary  bladder  or  from  uraemia,  sequelae  to  acute  nephritis. 

Piller  (in  Hoare,  1915),  in  his  chapter  on  “ Trematodes  of  the 
Ox,”  writes:  — 

“ Schistosomiasis  or  bilharziosis  is  manifested  chiefly  by  symptoms 
appertaining  to  the  bladder  These  are  due  to  the  eggs,  and  not  the 
adult  parasites.  Haematuria  is  usually  the  first  alteration  in  health; 
then  there  is  pain  in  the  loins  and  urino-genital  tract.” 

Henschen  (see  Joest,  1923)  writes:  — 

“ Von  Pathogen  Trematoden  der  Blase  kommt  bei  den  Haustieren 
eigentlich  nur  eine  Art,  Schistosomum  crassum  vor.  Er  wurde  haupt- 
sachlich  in  den  Mittel-meerlandern  gefunden,  besonders  beim  Rind, 
weniger  oft  beim  Pferd  und  Schaf.  Der  erwachsene  Parasit  lebt  im 
Pfortadersystem  und  gelangt  von  dort  in  die  Venen  des  Darms  und  der 
Blase.  Aus  den  Get'assen  der  Blasenwand  kann  er  ins  Blasenlumen 
eindringen,  wonach  er  entweder  bier  liegen  bleibt  oder  mit  dem  Harn 
gleich  ausgespiilt  wird.  In  der  Harnblase  entwickeln  sich  geschwiirige 
Prozesse  (Marotel),  die  selht  zur  Perforation  flihren  konnen  (Piot-Bey). 
Oft  nimmt  der  Prozess  einen  mehr  produktiven  Charakter  an,  wober 
kleine  warzenformige  Neubildungen  entstehen.” 

Woolridge  (1923),  under  “ Bilharziosis,”  writes:  — 

“ The  immature  stages  of  various  species  of  Bilharzia  worm  inhabit 
the  portal  veins  of  the  liver.  When  numerous  they  may  give  rise  to 
enlargement  and  cirrhosis  of  the  liver  with  the  development  of  white 
plaques  of  fibrous  connective  tissue  surrounding  the  portal  vessels.  The 
lesions  result  chiefly  from  the  irritation  by  the  eggs  laid  by  the  parasite, 
and  partly  to  toxins  they  elaborate.  Clinically  the  principal  symptoms 
are  those  of  dysentery,  due  to  a similar  deposition  of  eggs  in  the  finer 
branches  of  the  portal  veins  in  the  walls  of  the  intestine,  especially  the 
rectum.” 

The  following  passages  from  Oer  ad  ini’s  review  of  Bertolini’s 
(1908)  article  are  well  worth  quoting: — - 

“ niemals  aber  konnt.e  bei  den  sardinischen  Rindern  die  Bilharziose  der 
Blase  wahrgenommen  werden.” 

“ Die  Veranderungen  des  Dunnsdarms  kommen  bei  der  Bilharziose 
der  sardinischen  Kinder  durch  katarrhalische  Enteritis  und  Knotchen- 
hildung  in  der  Submucosa  zum  Ausdruck.  Die  Veranderungen  des  Mast- 
darms  sind  viel  weniger  stark  ausgesprochen  und  betehen  haiiptsach- 
lich  in  kleinen  punktfbrmigen  Blutungen  der  Schleimhaut.” 
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“ Die  Knotchenbildungen  in  der  Submucosa  des  Diinndarms  werden 
durch  Bilharziaeier  und  jimge  Exemplare  des  incystierten  Wurms  her- 
vorgerufen,  haben  aber  durohaus  nichts  zu  tun  mit  den  hyperplastischen 
Formen  und  den  polypenformigen  adenomatosen  Vegetationen,  die 
Bilharzia  Mastdarmenzundung  beim  Menscben  kennzeichnen.” 

“ Der  erwachsene  Parasit  wablt  sich  mit  Vorliebe  das  Pfortader- 
system  zum  Sitze  aus  und  ganz  besondere  dessen  hepatische  abzweigungen, 
sowie  die  Venen  des  Diinndarms.” 

In  Chopra  and  Chandler  (1928)  we  read:  — 

“ Schistosomes  of  several  species,  of  which  the  commonest  is  S.  bovis,. 
live  in  the  mesenteric  blood-vessels;  as  in  the  case  of  human  schistosome 
infections,  severe  mechanical  injury  is  caused  by  the  eggs  to  the  walls 
of  the  bladder  and  rectum,  hut  much  is  still  to  be  learned  as  to  the 
degree  to  which  cattle  suffer  from  these  infections.  The  life-cycles  of 
these  worms  is  similar  to  that  of  the  schistosomes  of  man.  Schistosomes 
infect  sheep  and  goats,  and  in  experimental  animals  have  been  shown  to 
be  injurious.” 

Marotel  (1927)  reports  on  the  pathogenesis  of  Schistosomum  bom- 
ford  i as  follows:  — 

“ Schistosomose  bovine,  se  traduisant  par  une  enterite,  avec 
ecchymoses  punctiformes,  ulcerations  hemorragiques,  vegetations  poly- 
peuse ; outre  ces  alterations  dues  aux  oeufs,  on  observe  encore  des 
nodules  sous-muqueux  developpes  autour  des  femelles  contenues  dans  les 
veinules.” 

v.  Ostertag  (1923)  reports  on  Schistosomiasis  of  cattle  as  follows : 

“ Manche  der  mit  Schistosomiasis  behafteten  Kinder  leiden  an 
Haematurie;  bei  der  Schlachtung  findet  man  die  Parasiten  (dauernd 
das  Weibchen  vom  Mannchen  umschlungen)  in  den  Hinterleibsvenen,. 
ferner  chronische  Enteritis  mit  nekrotischen  Herden  in  Darme,  in  denen 
meistens  die  Eier  des  Schistosomum  finden,  und  Knotchen  (mit  den 
Larven  des  Schistosomum)  im  Dunndarm.” 

In  the  following  words  Khalil  (1924)  refers  to  the  pathogenesis 
of  Schistosoma  bovis  : — 

“ The  disease  affects  cattle  and  sheep,  causing  lesions  similar  to> 
those  in  human  bilharziosis.  In  a fair  number  of  the  cases  reported, 
although  the  adult  parasites  were  found,  no  lesions  or  only  slight  partly 
congestion  of  the  lower  part  of  the  large  intestine  was  found.” 

“ Cirrhosis  of  the  liver  is  caused  by  S.  bovis  infection,  just  as  in 
human  infection  especially  with  S.  mansoni;  but  cirrhosis  in  cattle  is. 
common  and  is  caused  by  a multitude  of  parasites,  a common  cause  in 
Egypt  being  Fasciola  gigantica.” 

He  further  comments  on  the  suspicions  of  various  observers  that 
S.  ])ovis  may  be  the  cause  of  haematuria  in  cattle  in  East  Africa  and 
the  Cape.  He  is,  however,  inclined  to  ascribe  this  liaemoglobinuria 
to  Piroplasmosis.  He  does  not  mention  the  existence  of  Piroplas- 
mosis  in  Egypt. 

He  records  the  Cape  as  an  endemic  area  for  S.  boms,  hut  unfor- 
tunately omits  to  quote  his  authority.  In  an  extensive  hunt  for 
references,  I have  failed  to  trace  any  communication  recording  the 
recovery  of  schistosomes  from  cattle  and  sheep  in  the  Union  of  South 
Africa.  Monnig  (1928)  lists  S.  bovis  as  having  been  found  in  the 
heart  and  blood-vessels  of  cattle,  especially  in  Natal,  lie  does  not 
quote  his  authority.  I still  believe  that  this  article  contains  the 
first  record  of  schistosome  ova  having  been  recovered  from  the  faeces, 
of  cattle  in  the  Union  of  South  Africa.  The  ova  were  identical  with 
those  from  the  infected  sheep  on  the  same  farm. 
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Faust’s  (1926)  statement:  “ In  fact,  the  ‘cow’  hypothecated  hy 
Dr.  Cawston  may  not  he  necessarily  involved  in  the  Schistosoma  hovis 
life-cycle  in  Natal;  man  may  possibly  serve  in  this  capacity,”  is 
based  on  a statement  from  Cawston  (1920)  that  he  has  not  yet  traced 
the  cow,  the  usual  host  of  Schistosoma  hovis. 

Montgomery  (1906)  records  the  finding  of  schostosomes  in  the 
portal  veins  of  two  sheep  from  Bareilly  near  Lahore.  No  macroscopic 
pathological  lesions  were,  however,  seen  nor  were  ova  found.  He 
admits,  though,  that  a careful  examination  was  made  only  of  the 
rectum  and  urinary  system.  These  schistosomes  he  evidently  regarded 
as  S.  hovis.  He  next  mentions  that  Baldrey  had  recovered  from  sheep 
schistosome  ova  of  the  human  type  (presumably,  ova  shaped  like  those 
of  S.  haematobium)  and  closely  resembling  those  of  S.  indicum. 

Montgomery  finally  recovered  from  the  portal  system  of  two  other 
sheep  adult  schistosomes  indistinguishable  from  S.  indicum.  He 
observes  that  there  were  no  lesions  beyond  “ small  areas  of  discrete 
punetiform  haemorrhages  present  throughout  the  length  of  the  small 
and  large  intestines.” 

Baldrey  (1906),  in  his  discussion  of  Gillar,  records  having  found 
eleven  of  the  fifteen  Gillar  affected  sheep  infested  with  schistosomes 
resembling  those  recovered  by  Montgomery  from  the  sheep,  horse, 
and  donkey. 

According  to  Baldrey,  the  lesions  attributable  to  this  parasite 
were  only  evident  in  the  small  and  large  intestines,  noticeably  so  in 
the  duodenum.  He  records  a muco-enteritis,  with  the  mucosa  necrotic 
and  probably  shedding  off  in  places.  Here  and  in  the  mucosa  of  the 
rectum  schistosome  ova  could  he  demonstrated.  The  liver,  spleen, 
kidneys,  pancreas,  lungs,  and  heart  were  not  affected.  He  described 
changes,  observed  in  the  mesenteric  and  omental  fat,  which  indicate 
fat  necrosis. 

Gillar  is  undoubtedly  a malady  provoked  by  a heavy  panver- 
minosis  in  association  with  a decrease  in  the  amount  of  nutritious 
foods  available  in  the  natural  pastures  during  the  lean  seasons. 

The  immature  amphistome,  mentioned  by  Baldrey  in  his  article, 
is  in  the  Union  of  South  Africa  occasionally  responsible  for  heavy 
mortality  amongst  sheep  and  cattle,  and  was  probably  the  cause  of 
the  lesions  attributed  by  him  to  <S'.  indicum. 

According  to  Lee  (1927),  S.  indicum  would  appear  to  he  a com- 
paratively benign  haematozoal  parasite  of  camels  in  India. 

Hall  (1923  ?)  states  that  Schistosoma  hovis  inhabits  the  veins  of 
both  the  rectum  and  the  bladder  and  that  the  eggs  may  therefore  he 
passed  in  the  urine  and  in  the  faeces. 

Fairley  and  Mackie  (1925),  dealing  with  the  pathology  of 
Schistosomum  spindalis  in  goats,  state  that  the  lesions  are  most 
closely  related  to  those  of  S.  mansoni  and  S.  japonic-urn , which  it 
resembles  in  habitat.  According  to  them,  the  verminous  ante-mortem 
thrombosis  in  the  portal  or  mesenteric  veins  and  its  branches  and 
the  hepatic  lesions,  varying  from  the  early  bilharzial  pseudo-tubercles 
to  a “ pipe-stem  ” periportal  cirrhosis,  are  as  common  as  with 
S.  japonicum  in  man.  They  further  observe  that  the  spleen  is  seldom 
affected  and  that  bilharzial  papillomatosis  was  not  present  owing  to 
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the  non-irritating  character  of  the  ova.  The  absence  of  any  inflamma- 
tory reaction  around  the  deposited  eggs  of  S.  japonic!/ m is  likewise 
attributed  to  the  lack  of  an  irritant.  It  seems  most  remarkable  to 
assume  that  the  ova  of  different  schistosomes  should  progress  through 
the  tissue  by  different  means  and  that  some  species  should  oviposit  ova 
possessed  of  an  irritant  not  present  in  those  from  other  species. 

THE  PATHOLOGICAL  LESIONS  OBSERVED  IN  THE 
INFESTED  SHEEP. 

Apart  from  the  presence  of  the  parasites  in  the  mesenteric  veins, 
macroscopic  lesions  were  evident  in  the  lungs,  the  liver,  the  walls 
of  the  small  and  large  intestines,  the  periportal  lymphatic  glands, 
and  in  the  pancreas. 

On  opening  the  thoracic  and  abdominal  cavities,  the  macroscopic 
lesions  manifested  varied  with  the  age  and  the  degree  of  infection 
and  with  the  condition  of  the  animal. 

On  exposing  the  abdominal  contents,  the  first  lesion  to  strike 
the  eye  was  the  presence  or  absence  of  fat  in  the  greater  omentum 
and  mesentery.  In  a large  percentage  of  cases  there  was  an  average 
amount  of  fat  present.  This  fat  invariably  showed  multiple  fat 
necrosis.  The  absence  of  fat  was  associated  witli  a slight  hydroperi- 
cardium and  hydrothorax. 

In  the  mesenteric  blood-vessels  the  schistosomes  could  be  demon- 
strated by  holding  a loop  of  gut  up  against  the  light  with  file 
mesentery  still  attached  to  the  abdominal  wall.  In  animals  killed 
for  autopsy  the  migration  of  the  parasites  within  the  veins  was  studied 
in  the  mesentery  thus  suspended. 

For  enumerating  the  number  of  parasites  present  it  was  absolutely 
essential  to  ligature  the  portal  vein  close  to  the  liver  and  remove 
the  intestines  by  severing  the  mesentery  along  its  dorsal  attachment. 
The  blood  from  the  liver  and  the  portal  vein  was  run  into  a shallow 
flat-bottomed  circular  glass  dish,  and  the  parasites  collected. 

When  the  usual  post-mortem  routine  practised  at  this  Institute 
was  followed  and  the  mesentery  severed  along  its  alimentary  attach- 
ment, many  parasites  were  lost  and  damaged;  the  collection  was 
rendered  much  more  tedious  and  difficult,  and  a true  estimation  of 
the  number  of  worms  present  was  impossible. 

THE  SMALL  INTESTINE. 

The  small  intestine  showed  fine  grey  specks  scattered  diffusely 
throughout  its  wall.  The  microscopic  examination  of  a small  portion 
of  the  wall  flattened  between  glass  slides  showed  that  the  pigmentation 
was  due  to  the  presence  of  numerous  schistosome  ova  deposited  in 
clumps  or  singly.  A high  percentage  of  these  ova  was  calcified. 
Parasites  were  present  in  the  submucosal  and  subperitoneal  veins. 
Small  haemorrhages  in  the  mucosa  propria  were  often  numerous. 

The  caecum  appeared  with  wall  thickened.  < hi  holding  the  organ, 
incised  along  its  mesenteric  attachment,  up  against  the  light,  certain 
areas,  chiefly  localized  along  the  greater  curvature,  did  not  transmit 


PATHOGENESIS  OF  “ SCHISTOSOMA  MATTHEEI.” 


light.  (Figs.  13  and  14.)  At  these  spots  the  wall  was  much  thickened, 
the  mucosa  was  sandy-coloured  and  emitted  a grating  sound  when 
cut  with  a sharp  broad-bladed  post-mortem  knife,  showing  that 
calcareous  material  was  present.  The  cut  surfaces  showed  the  sub- 
mucosa much  thickened,  pigmented,  and  fibrosed.  Running  the 
finger  tips  across  these  areas  felt  like  passing  them  over  fine  sand- 
paper. 

The  colon  and  rectum  showed  less  deposition  of  ova  within  their 
W£  ills,  as  could  be  expected  from  the  small  percentage  of  schistosomes 
observed  in  their  veins. 

The  presence  of  small  haemorrhages  from  minute  vessels  was 
observed  in  the  mucosa  propria  of  the  large  intestine. 

A microscopic  examination  of  these  revealed  the  presence  of 
numerous  schistosome  ova,  calcified  or  containing  active  miracidia. 

The  contents  of  this  portion  of  the  alimentary  canal  were  in  the 
majority  of  cases  of  normal  consistence,  but  covered  with  bloodstained 
mucus.  The  microscopic  examination  of  this  mucus  revealed  the 
presence  of  small  clots  of'  blood  holding  schistosome  ova.  Most  of  the 
ova  contained  very  active  miracidia.  In  a few  cases  there  was  such  an 
abundance  of  sticky  mucus  that  the  hard  faecal  pellets,  lying  more 
or  less  in  a single  row,  could  on  section  of  the  gut  be  removed  en 
masse.  Mucus,  enveloping  the  pellets,  was  often  observed  hanging 
in  a string  from  the  anus.  That  the  passage  of  firm  faecal  matter 
facilitates  the  liberation  of  ova  from  the  mucosa  must  be  accepted. 
It  was  frequently  observed  that  attacks  of  constipation  were  followed 
by  diarrhoea,  the  diarrhoea  being  quite  probably  a sequel  to  the 
invasion  of  the  mutilated  mucosa  propria  by  bacteria. 

No  malignant  or  benign  papillomatous  growths  as  recorded  for 
S.  bovis  in  cattle  and  sheep  (Khalil  and  Sonsino)  or  for  S.  mansoni 
and  .S',  haematobium  in  man,  were  present  in  any  one  of  the  forty-five 
animals  autopsied. 

The  microscopic  appearances  vary  with  the  age  of  the  infection. 

In  newly-invaded  animals  the  ova  lying  in  the  venules  (Fig.  29) 
were  observed  in  fresh  preparations  made  by  scraping  off  the  mucosa 
and  examining  it  pressed  between  two  glass  slides.  In  sections,  the  ova 
were  observed  mainly  in  the  sub-mucosa  and  passing  through  the 
musculan s mucosa  into  the  mucosa  propria  (Fig.  23).  In  these  various 
zones  they  were  found  surrounded  by  leuco types  (Fig.  35),  especially 
small  mononuclears,  eosinophiles,  and  epithelial  cells.  The  blood- 
vessels in  the  immediate  neighbourhood  appear  slightly  congested, 
and  the  mucous  glands  showed  increased  activity. 

In  cases  of  old  standing,  the  most  prominent  lesion  was  the 
pronounced  fibrosis  of  the  wall  of  the  digestive  tube.  The  lesions 
observed  were  : — 

(1)  Schistosomes  in  pairs  in  the  submucosa  (Fig.  16),  and 
occasionally  in  the  subperitoneal  veins. 

(2)  Pseudo-tubercles  in  different  stages  of  development  in  the 
mucosa  propria  (Figs.  21,  23,  and  24),  in  t lie  submucosa 
(Figs.  22,  23,  24,  and  25),  and  in  the  external  and  internal 
muscular  layers  (Figs.  21  and  22). 

(3)  Invasion  and  destruction  of  the  muscularis  mucosa  (Fig’s. 
21,  22,  23,  and  24). 
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(4)  Hyperaemia  of  the  mucosa  in  some  cases. 

(5)  Conspicuous  absence  of  or  a reduction  in  eosinophiles  com- 
pared with  those  met  with  in  the  gut-wall  of  newly 
infected  sheep. 

(6)  Hypertrophy  of  the  walls  of  the  veins. 

(7)  Increase  of  fibrous  tissue  in  the  invaded  portions  of  the 
alimentary  tract. 

(8)  The  complete  absence  of  tissues  characterizing  malignant 
growths. 


Conclusions. 

(i)  No  actual  necrosis  and  erosions  of  the  mucosa,  as  recorded 
from  human  cases  infected  with  S.  haematobium,  S.  mansoni,  and 
S.  japonicum,  have  hitherto  been  observed  in  sheep  killed  for  autopsy. 
They  were  present  in  sheep  that  had  succumbed  after  prolonged 
decubitus.  It  has  already  been  suggested  that  some  of  the  lesions 
attributed  to  schistosomiasis  are  secondary  or  attributable  to  bacterial, 
protozoal  or  metazoal  invasion  of  the  digestive  tube. 

(ii)  The  lesions  observed  in  the  alimentary  tract  of  sheep  prove 
that  their  production  was  stimulated  by  the  presence  of  the  parasites 
and  their  ova. 

(iii)  No  malignant  growths  were  encountered. 


LIVER. 

Macroscopic  Appearance. 

In  cases  of  long  standing  the  liver  is  decreased  in  size,  of  a 
shagreen  appearance,  and  the  surface  may  or  may  not  be  grossly 
tabulated  (Fig.  3).  In  several  cases  the  “ hobnail  ” form  of  cirrhosis 
was  observed.  On  palpation  and  on  section  the  organ  is  extremely 
firm.  The  cut  surface  shows  an  increase  of  fibrous  tissue  in  the  portal 
tracts  (Figs.  5 and  9).  The  cirrhosis  is  invariably  of  the  multilobular 
type;  occasionally  areas  showing  monolobular  cirrhosis  were  observed. 
The  cut  surfaces  show  dark  pigmentation.  In  some  cases  a much 
lighter  pigment  in  the  perilobular  tissues  was  discernible.  The 
microscopic  examination  of  fresh  liver  tissue  showed  that  the  latter 
pigmentation  was  due  to  deposited  schistosome  eggs. 

In  the  more  recently  infected  sheep  the  livers  were  markedly 
enlarged  and  of  an  abnormally  pale  colour;  the  consistence  was 
slightly  reduced;  the  surfaces  smooth  or  nodular  (Fig.  3);  the  cut 
surfaces  showed  the  central  veins  open  with  the  rest  of  the  lobule 
somewhat  opaque. 

In  a very  recently  infected  lamb  the  liver  showed  a slight  increase 
in  size  and  numerous  dull  whitish  specks  under  the  capsule  of  both 
surfaces.  Parasites  were  numerous  in  the  portal  vein  and  its  ramifi- 
cations. 

Another  type  of  liver  met  with  was  a heavily  pigmented  organ; 
increased  in  size  with  well-marked  undulation  of  both  surfaces  and 
with  the  consistence  slightly  reduced.  In  this  type  it  would  appear 
that  the  animal  had  become  reinfected  after  cirrhosis;  a sequel  to 
a previous  invasion  had  already  been  established. 
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In  addition  to  these  changes,  the  livers  of  some  sheep  showed 
calcified  nodules  of  parasitic  origin  [0.  columbianum,  Ecchinococcus 
granulosus  (cyst),  and  Cysticercus  tenuicollis\ . 

The  more  recent  nodules  due  to  0.  columbianum  were  charac- 
terized by  their  greenish  cheesy  contents  (eosinophiles  accumulated 
in  the  vicinity  of  the  migrating  larva). 

In  the  case  of  a ram  which  had  died  from  intra-peritoneal 
haemorrhage  of  pancreatic  origin,  the  bile-ducts  appeared  prominent 
owing  to  the  thickening  of  their  walls,  stimulated  by  the  presence  of 
specimens  of  Fasciola  hepalica. 

In  another  case  death  followed  as  the  result  of  a haemorrhage 
from  the  liver  via  the  bile-duct  into  the  duodenum.  At  post-mortem 
practically  t lie  whole  of  the  small  intestine  was  distended  with  coagu- 
lated blood. 

In  a ewe  which  had  received  intrajugular  injections  of  a 6 per 
cent,  solution  of  tartar  emetic,  the  liver  was  enlarged  and  showed 
numerous  emboli  caused  by  dead  schistosomes  arrested  in  the  hepatic 
ramifications  of  the  portal  vein. 

Microscopic  Appearances. 

In  the  case  of  the  atrophic  cirrhotic  liver,  there  is  a marked 
increase  of  fibrous  tissue  in  the  portal  tracts.  The  fibrosis  is  preceded 
by  a cellular  infiltration  of  these  zones.  Cellular  accumulation  is 
stimulated  by  the  presence  of  the  arrested  ova  (Figs.  5,  7,  and  8). 

Partially  or  completely  organized  thrombi  (Fig.  6),  practically 
obliterating  veins,  were  frequently  encountered.  The  walls  of  the 
viens  show  an  increase  of  fibrous  tissue.  Pigment  was  as  a rule  present 
(i)  in  the  immediate  neighbourhood  of  the  arrested  ova,  showing  that 
it  arrived  there  with  the  ova  ; (ii)  in  the  lumen  of  the  hepatic  branches 
of  the  portal  vein;  (iii)  in  the  Stern  cells  of  Kupffner ; and  (iv)  in  the 
lumen  of  the  central  veins.  It  is  undoubtedly  via  the  liver  that  most 
of  the  pigment  reaches  the  lungs. 

Most  of  the  eggs  arrested  in  the  liver  showed  calcification.  In 
some  cases  (Fig.  5)  the  deposition  of  ova  in  the  liver  was  heavy,  but 
never  so  heavy  as  in  the  wall  of  the  digestive  tube  (Figs.  13  and  14). 

Fatty  degeneration  of  the  ova  precedes  calcification.  Giant  cells 
of  the  foreign  body  type  were  very  seldom  seen  in  the  liver.  Empty 
egg-shells  w'ere  not  encountered.  Individual  pseudo-tubercles  were 
not  so  frequent  as  in  the  lungs  and  in  the  intestinal  wall.  In  the 
recently  invaded  liver  there  were  pseudo-tubercles  showing  different 
stages  of  development  (Figs.  31,  32,  and  33).  The  development  of 
the  pseudo-tubercle  urns  observed  to  lie  as  follows  : an  ova  becomes 
arrested  in  a venule  and  may  penetrate  into  the  perivascular  tissues; 
small  nononuclears,  endothelial  cells,  and  eosinophiles  surround  it 
(Fig.  31);  the  included  liver  cells  degenerate  (Figs.  30,  32,  and  33); 
eosinophiles  which  had  penetrated  to  the  egg  perish  there;  fibroblasts 
begin  and  continue  to  develop  until  the  necrotic  mass  is  replaced 
by  fibrous  tissue  and  the  egg  is  securely  encapsulated  and  rendered 
harmless.  Outside  this  developing  capsule  may  occasionally  be  seen 
some  eosinophiles,  and  small  mononuclears  and  large  endothelial  cells 
containing  pigment.  Next  to  the  egg  may  occasionally  be  observed 
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a foreign-body  giant  cell  (plasmodial  mass).  In  no  case  was  a giant 
cell  found  inside  an  egg-shell  as  recorded  from  human  cases 
(Hutchison,  1928). 

The  structure  of  the  pseudo-tubercle  as  seen  in  sections  will  vary 
with  sections  through  it  at  different  levels,  and  it  is  therefore  best 
studied  in  serial  preparations. 

The  microscopic  examination  of  the  liver  of  a sheep  treated  with 
tartar  emetic  showed  that  the  emboli  were  due  to  dead  schistosomes 
(Figs.  11  and  12).  As  in  the  lung  (Fig.  25).  the  presence  of  these 
dead  parasites  stimulated  cellular  infiltration  (Figs.  11  and  12). 

The  liver  cells  showed  varying  degrees  of  fatty  degeneration. 
Degeneration  was  especially  pronounced  in  cases  of  hypertrophic  cirr- 
hosis, but  by  no  means  uncommon  in  the  atrophic  form.  The  centre, 
of  the  lobules  often  showed  the  liver  cells  deranged  and  degenerated, 
while  the  cells  round  the  portal  tracts  appear  unaffected  (Fig.  35). 
There  was  an  increase  of  connective  tissue  in  the  portal  tracts.  The 
chronic  venous  congestion  of  the  liver  contributed  to  the  lesions 
referred  to.  The  smaller  bile-ducts  were  rather  tortuous  and  showed 
proliferation  of  the  endothelial  cells. 

Hepatic  Cirrhosis. 

According  to  most  textbooks  on  Human  Pathology,  the  liver  in 
human  schistosomiasis  shows  no  contraction  as  in  alcoholic  cirrhosis. 
In  some  of  the  sheep  autopsied  there  was  a definite  polylobular  or 
• multilobular  cirrhosis  and  showing  “ hobnail  ” appearance  (Fig.  3). 
In  these  cases  the  livers  were  enlarged  and  of  a paler  colour  than 
normally.  This  slight  yellowish  discoloration  was  due  to  fatty 
changes. 

That  atrophic  cirrhosis,  hypertrophic  cirrhosis , and  intermediate 
forms  were  met  with  is  proof  that  the  one  precedes  the  other.  In  a 
sheep  infected  for  six  months  well-marked  hypertrophic  cirrhosis  of 
the  liver  was  encountered,  while  most  of  the  old-standing  cases  showed 
a liver  deeply  pigmented,  extremely  firm,  and  with  atrophic  cirrhosis 
prominent.  The  livers,  showing  coarsely  nodular  bosses  on  the  sur- 
faces, were  almost  invariably  hypertrophic.  That  these  bosses  result 
from  the  contraction  of  the  fibrous  tissue  in  an  already  enlarged  liver 
is  evident  from  the  smooth-surfaced  hypertrpph io  liver  found  in  a 
six  months  infected  sheep. 

Taylor  (1918),  discussing  atrophic  and  hypertrophic  cirrhosis, 
mentions  a case  in  which  a liver  reaching  below  the  umbilicus,  in 
a human  with  marked  jaundice  and  no  ascites,  was  found  fifteen 
months  later  to  have  contracted  quite  close  under  the  edge  of  the  ribs. 

In  malaria , a protozoal  disease  characterized  by  the  formation  of 
a pigment,  chemically  indistinguishable  from  that  produced  by  schis- 
tosomes, there  is  described  a liver  cirrhosis,  monolohular  in  type  and 
resembling  the  condition  seen  in  alcoholic  cirrhosis.  Beattie  and 
Dickson  (1921)  state  that  it  is  practically  impossible,  in  any  given 
case,  to  exclude  all  the  other  possible  and  well-recognized  causes  of 
cirrhosis  and  diagnose  “ Malarial  cirrhosis.” 

Chronic  hepatitis  in  domestic  stock  has  been  frequently  recorded 
and  has  been  ascribed  to  various  causes.  Observers  have  described 
cases  where  the  chronic  hepatitis  in  sheep,  cattle,  horses,  and  pigs 
was  attributed  to  the  migration  of  helminths. 
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Cysticercus  tenuicollis  and  Oesophagostomum  columbianum  larvae 
(Fig's.  43  and  44)  in  sheep;  E echinococcus  granulosus  (cysts), 
Fasciola  hepatica,  and  F . gigantica  in  sheep  and  cattle;  Strongylus, 
Habronema,  and  Parascaris  equorum  larvae  in  equines;  and  Ascaris 
larvae  in  pig’s,  are  in  South  Africa  common  causes  of  hepatic  lesions. 

Robertson  (1906)  in  South  Africa  was  able  to  produce  atrophic 
cirrhosis  of  the  liver  in  cattle  and  horses  by  feeding  them  repeated 
small  quantities  of  Senecio  burchelli  and  S.  latifolia.  Similar  results 
were  obtained  by  workers  in  North  America  and  New  Zealand  with 
plants  of  the  same  genus.  Other  investigators  suspect  or  have  shown 
that  toxins  cointained  in  damaged  (mouldy  or  rotten)  food,  toxius 
liberated  during  an  attack  of  gastro-enteritis,  toxins  produced  by 
helminths,  bile  stasis,  chronic  cholangioitis,  and  bacterial  toxins  and 
viruses  are  causal  factors  in  the  production  of  chronic  interstitial 
hepatitis  in  our  domestic  stock. 

Conclusions. 

The  changes  in  the  livers  of  schistosome  infested  sheep  should  be 
attributed  to  : — 

(1)  the  invasion  by  the  developing  schistosomes; 

(2)  the  presence  of  eggs  and  exogenous  pig’ment,  of  schistosome 
origin,  arrested  in  the  liver; 

(3)  the  presence  of  dead  adult  schistosomes  acting  as  emboli ; 

and 

(4)  the  chronic  venous  stasis. 

That  the  cirrhosis  may  he  partly  due  to  a specific  schistosome 
toxin  cannot  be  completely  ignored,  but  the  present  evidence  seems 
to  disprove  its  existence. 


THE  PANCREAS. 

The  pancreas  in  some  cases  showed  a marked  pigmentation  of 
its  more  transparent  portions.  Pigmentation  was  due  to  deposited 
schistosome  ova.  In  a number  of  cases  the  vessels  were  congested 
and  contained  schistosomes.  In  these  cases  the  damage  to  the  pancreas 
may  have  contributed  to  the  fat  necrosis  observed. 

Microscopically  t he  pancreas  showed  marked  changes  from  the 
normal.  It  was  almost  invariably  involved.  Eggs  were  recovered  in 
all  cases  after  the  digestion  of  the  organ  in  4 to  5 per  cent,  caustic 
potash . 

Sections  revealed  pseudo-tubercles,  an  increase  in  the  amount  of 
perilobular  fibrous  tissue,  parasites  in  the  veins,  cellular  accumula- 
tions around  ova  in  the  perilobular  zones  and  those  intralobularly 
located. 

The  Islets  of  Langerhans  appeared  normal.  In  heavily  infected 
cases  the  walls  of  the  veins  were  hypertrophied.  Areas  of  the  pancreas 
may  appear  degenerated  (Fig.  36).  In  sheep  the  pancreas  was 
undoubtedly  more  frequently  involved  than  would  appear  to  lie  the 
case  in  man.  Dew  (1923)  observes  that  the  pancreas  is  quite  frequently 
involved  in  S.  mansoni  infections. 

Judging  from  the  habits  of  the  different  schistosomes,  one  would 
expect  to  find  the  pancreas  more  frequently  invaded  by  S.  japonicum 
and  S.  mattheei  than  by  S.  mansoni , and  more  often  by  the  latter 
than  by  S.  haematobium. 
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Fat  Necrosis. 

According  to  Osier  (1916),  fat  necrosis  in  the  human  . . occurs 
■whenever  the  pancreatic  juice,  obstructed  for  any  cause  and  dammed 
back  on  tire  gland,  infiltrates  its  tissues,  or  escaping  by  the  lymph 
spaces  finds  its  way  to  structures  at  some  distance  from  the  gland.” 

He  further  observes  that  Balsar  was  the  first  to  record  fat  necrosis 
in  the  interlobular  pancreatic  tissue,  in  the  mesentery,  in  the 
omentum,  in  the  abdominal  fatty  tissue  generally,  and  occasionally 
in  the  pericardial  and  subcutaneous  fat. 

These  observations  of  Balsar  on  the  human  also  hold  for  the 
sheep.  In  sheep  the  pericardial,  the  subepicardial,  and  the  subendo- 
cardial fat  is  not  infrequently  involved.  Fat  necrosis  may  he 
generalized  without  the  pancreas  being  involved. 

Opie  (1901)  states  that  fat  necrosis  is  due  to  the  fat-splitting 
ferment  present  in  the  pancreatic  secretion. 

It  seems  definitely  accepted  by  the  medical  profession  that  fat 
necrosis  is  invariably  associated  with  lesions  in  the  pancreas.  It  has 
been  stated  to  be  most  frequent  in  the  acute  forms  of  pancreatitis  and 
less  common  in  the  suppurative  forms. 

Moir  (1929)  reports  on  a case  of  traumatic  fat  necrosis  of  the 
breast,  and  records:  “ The  lesion  differs  from  the  fat  necrosis  of 
pancreatitis  in  being  of  slow  evolution,  so  that  phagocytosis  of  fat-cell 
disintegration  products  and  fibroblastic  proliferation  keeps  pace  with 
cell  destruction.” 

This  type  of  fat  necrosis  has  been  observed  in  the  omentum  of 
sheep  infested  with  0.  columbianum.  Here  the  trauma  was  induced 
by  the  larvae  of  the  parasite  reaching  the  omentum. 

Farr  (1923)  procured  fat  necrosis  of  the  subcutaneous  fat  in  young- 
pigs  by  pinching  the  fat  with  forceps. 

Gottesman  and  Zemansky  (cited  by  Moir)  have  met  with  cases  of 
fat  necrosis  in  the  breast  although  there  was  no  history  of  trauma. 
They,  therefore,  conclude  that  there  may  be  factors  other  than  trauma, 
and  express  the  view  that  the  decomposition  of  fatty  material,  escaped 
from  a dilated  duct,  may  stimulate  the  lesions. 

Lee  and  Adair  (1920)  were  evidently  the  first  to  associate  trauma 
with  fat  necrosis  in  the  human  breast. 

That  fat  necrosis  is  by  no  means  uncommon  in  domestic  animals 
is  evident  from  Hutyra  and  Marek  (1920),  who  record  that  Marek  and 
Bonai  had  both  observed  lobular  fat  necrosis  of  the  pancreas  in  abso- 
lutely normal  lobules  in  fattened  pigs,  and  that  Mettam  and  Prettner 
had  reported  cases  in  dogs.  It  is  recorded  as  of  exceptional  occurrence 
in  the  horse.  In  the  horse  we  have  one  of  the  larger  strongyles  pass- 
ing a stage  of  its  life-cycle  in  the  pancreas. 

Cleland  and  Darnell-Smith  (1912)  point  out  that  fat  necrosis  is 
amongst  the  conditions  that  may  occasionally  he  mistaken  for  tuber- 
culosis. They  substitute  the  term  fat  dissociation  for  the  term  fat 
necrosis  and  record  that  in  New  South  Wales  it  is  of  common  occur- 
rence in  apparently  healthy  cattle  and  sheep.  In  sheep  the  lesions 
were  smaller  than  in  cattle,  where  they  were  usually  present  in  the 
fat  around  the  kidneys  and  in  the  mesentery  and  the  omentum.  “ In 
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cattle  these  areas  may  be  single  and  an  inch  or  more  in  diameter,  or 
there  may  he  several  smaller  ones,  or  they  may  he  multiple.  They 
seem  usually  located  towards  the  centre  of  the  fat  involved,  and  a 
varying  degree  of  fibrosis  and  puckering  surrounds  them.” 

They  then  record  that  this  fat  dissociation  in  cattle  has  not  been 
found  associated  with  any  pancreatic  lesions  as  has  been  observed  in 
humans. 

As  regards  the  etiology  of  this  condition,  they  cite  two  possible 
explanations,  namely  : — 

“ According  to  one,  the  animal,  as  a consequence  of  luxuriant 
natural  feeding,  has  stored  up  such  an  excessive  amount  of  fat  that 
the  central  areas  of  this  substance  are  to  all  intents  and  purposes  cut  off 
entirely  from  the  circulatory  system,  and  are  in  much  the  same  stage 
as  the  free  fatty  bodies  mentioned  as  being  sometimes  found  in  the 
peritoneal  cavity.  . . . Under  such  conditions,  presumably,  the  result 
would  be  autolysis  of  the  cells,  whose  lymph  supply  has  been  diminished 
almost  to  the  vanishing  point,  with  the  consequent  appearance  of  fatty 
acid  crystals  within  the  cells,  and  the  liberation  of  glycerine.  It  is  to 
be  noted  in  support  of  this  view  that  the  animals  in  which  the  condition 
occurs  seem  always  to  be  in  excellent  health  and  remarkably  fat. 

According  to  the  other  view,  during  some  previous  period  in  the 
life  of  a fat  bullock,  a demand  has  been  made  by  the  tissues  for  fat; 
the  stimulus  has  reached  the  central  areas  of  the  various  collections  of 
fat,  which  by  means  of  lipase  have  split  up  fat  into  fatty  acids  and 
glycerine.  This  having  been  accomplished,  however,  the  poor  vascular 
and  lymphatic  supplies  of  the  more  central  portions  of  the  fat  masses 
have  rendered  it  impossible  for  the  fatty  acids  set  free  to  pass  into  the 
general  circulation.  Better  conditions  for  the  animal  then  happening 
to  occur,  such  as  the  passing  away  of  a period  of  drought  or  the  advent 
of  much  nutritious  food,  the  demand  of  the  tissues  for  fat  has  ceased, 
and  the  process  of  storage  of  fat  has  again  proceeded,  now  forming  a 
deposit  around  the  central  masses  of  dissociated  fat,  that  is,  in  those 
parts  of  the  adipose  tissue  better  supplied  with  nutrient  fluids.  This 
would  lead  to  a process  of  encapsulation  of  the  dissociated  fat;  and  the 
presence  of  the  fatty  acid  crystals,  acting  as  a foreign  body,  would 
result  in  the  formation  of  a certain  amount  of  fibrosis  of  the  connective 
tissue  in  the  neighbourhood.” 

From  the  views  held  by  various  workers  it  is  apparent  that  fat 
necrosis  in  man  and  animals  may  be  provoked  by  different  etiological 
factors.  The  findings  of  Hariot  (cited  by  Cleland  and  Darnel  1-Smith, 
1912)  surely  explain  why  fat  necrosis  may  occasionally  be  encountered 
throughout  all  fat  deposited  in  the  body.  In  the  cases  of  traumatic 
fat  necrosis  of  the  breast,  in  the  young  pigs  of  Farr,  and  in  cases 
associated  with  parasitic  invasion  of  the  omentum,  the  fat  necrosis 
should  probably  lie  attributed  to  serum  lipase,  the  serum  being 
liberated  by  the  injured  tissues.  The  multiple  fat  necrosis  noted  by 
Balsar  and  observed  in  sheep,  heavily  parasitized  by  endo-  or  ecto- 
parasites, at  this  Institute  can  only  be  explained  by  the  presence  of  a 
fat-splitting  ferment  in  the  general  circulation. 

Fat  necrosis  was  a common  lesion  in  sheep  autopsied  by  me  at 
Pietermaritzburg  in  Natal,  at  Ermelo  in  the  eastern  Transvaal, 
on  farms  in  the  western  Transvaal,  on  farms  in  the  Fraserburg, 
Worcester,  and  Humansdorp  Districts  of  the  Cape  Province,  at  this 
Institute,  and  on  a farm  near  Arlington  Station  in  the  Orange  Free 
State. 

De  Kock  (1928  a),  referring  to  cases  seen  at  this  Institute,  reports 
that  he  has  found  no  lesions  in  the  pancreas,  and  could  not  under- 
stand how  the  fat-splitting  ferment  could  have  reached  the  fat 
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deposited  outside  the  peritoneal  cavity.  He  concludes  with  the  state- 
ment: “At  present  the  pathogenesis  and  aetiology  of  fat  necrosis 
in  the  sheep  are  still  to  be  regarded  as  unsolved.” 

In  the  various  cases  observed,  fat  necrosis  was  invariably  asso- 
ciated with  one  or  combinations  of  the  following  conditions:  mild 
gastro-enteritis,  gastric  strongylosis  ( Haemonchus  cortortus,  Tricho- 
strongylus  axei,  Ostertagia  circumcincta ) ; intestinal  strongylosis 
( Trichostrongylus  instabilis , T.  rugatus,  Gaigeria  pachyscelis , Buno- 
stomum  trigonocephaluvi , Cooperia  curticei,  Ostertagia  trifurcata, 
N ematodirus  spathiger,  0.  columbianum) ; bronchial  strongylosis 
{Dictyocaulns  fi lari  a) ; fascioliasis  (Fasciola  hepatica,  F.  gigantica ); 
schistosomiasis  (Schistosoma  mattheei) ; ascariasis  ( Psoroptes  com- 
munis,  var.  ovis,  Sarcoptes  sc-abei,  var.  ovis,  Ornithodorus  megnini) ; 
myiasis  ( Oestrus  oris , Lucilia  sericata,  Chrysomyia  alb i ceps) ; Globi- 
dium  species  in  abomasum,  pediculosis  (Linognathus  stenopsis  and 
T nchodectes  caprae ) in  goats,  and  in  forms  of  icterus  (bacterial  and 
enzootic). 

It  has,  however,  by  no  means  been  proved  that  only  the  fat- 
splitting ferment  from  the  pancreas  is  wholly  responsible  for  fat 
necrosis.  Fat  necrosis  is  invariably  found  in  anaemia  associated  with 
metazoal  parasites  (ecto-  and  endo-parasites).  The  presence  of  large 
areas  of  necrosed  fat  in  the  immediate  neighbourhood  of  the  pancreas 
seems  to  show  that  also  in  sheep  a fat-splitting  ferment  may  diffuse 
into  the  adjacent  fat.  Multiple  fat  necrosis  and  fatty  degeneration  of 
the  liver  were  constant  pathological  lesions  in  sheep  which  had  suc- 
cumbed to  a heavy  artificial  infection  with  Haemonchus  contortus  or 
Psoroptes  communis . The  lesions  were  especially  conspicuous  in  those 
animals  which  were  in  good  condition  at  the  time  of  infection. 

The  stable  diet  of  the  experimental  sheep  at  this  Institute  is 
whole  or  crushed  maize  and  veld  hay.  The  latter,  being1  of  poor 
quality,  is  not  consumed  to  any  large  extent.  The  sheep  exist  prac- 
tically on  maize  alone,  fatten  rapidly,  and  accumulate  large  quanti- 
ties of  abnormally  oily  fat.  In  addition  to  this  diet,  they  received,  if 
available,  a certain  amount  of  green  feed  : lucerne,  green  oats,  green 
barley,  barley  wheat,  or  maize  ensilage  according  to  season. 

The  components  of  the  ration  are  given,  as  it  may  play  a role 
although  this  does  not  seem  very  likely. 

In  addition,  it  may  be  stated  that  the  animals  are  confined  to 
eamos  in  the  open  or  to  rather  small  pens  in  stables,  where  they  are 
not  in  direct  sunlight. 

These  factors  may  contribute  to  the  anaemia  which  ultimately 
induces  or  facilitates  fat  necrosis. 

More  details  concerning  the  cause  of  fat  necrosis  in  dogs,  cats, 
and  cattle  should  be  looked  for  in  countries  where  helminths  invading 
the  pancreas  occur.  This  recalls  a case  in  which  I recovered  two 
specimens  of  Fasciola  hepatica  from  the  pancreatic  duct  in  a sheep. 
The  occurrence  of  this  trematode  in  this  habitat  has  to  the  best  of  my 
knowledge  not  been  recorded  hitherto.  They  evidently  migrated  here 
via  the  bile-duct. 

In  some  animals  the  fat  necrosis  was  most  intense  in  the  fat  which 
had  been  in  contact  with  the  rumen  (Fig.  40).  This  would  seem  to 
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indicate  that  the  necrosis  may  be  attributed  either  to  a substance, 
diffusing  through  the  wall  of  the  rumen,  or  to  the  pressure  of  the 
rumen  on  the  adjacent  deposits  of  fat.  That  pressure  or  trauma  may 
contribute  to  fat  necrosis  is  supported  by  the  presence  of  necrosis  in 
the  subcutaneous  fat  at  the  point  where  the  sides  of  the  feeding- 
troughs  press  against  the  throats  of  the  feeding  animals.  Some  of  the 
troughs  are  uncomfortably  deep  and  the  grain  at  the  bottom  is  not  too 
readily  secured. 

The  anaemia  produced  by  ecto-  and  endo-parasitic  infestation  is 
almost  invariably  accompanied  by  multiple  fat  necrosis  throughout 
the  body  and  by  a fatty  liver.  Fatty  degeneration  of  the  liver  is 
common  in  sheep  heavily  infected  with  Haemonchus  contortus,  a very 
active  blood-sucking  parasite  inhabiting  the  abomasum.  The  anaemia 
produced  leads  to  defective  oxidation  and  causes  the  “ white  liver,” 
a term  commonly  used  by  the  South  African  sheep  farmer  in  describ- 
ing a fatty  liver  Fat  necrosis  always  accompanies  this  fatty  liver  of 
haemonchosis  and  usually  precedes  it. 

Fat  necrosis,  associated  with  parasitic  infestation  in  the  sheep, 
seems  to  result  from  a too  rapid  dissociation  of  fat  when  the  demand 
on  the  stored  fat  is  made  to  meet  the  requirements  of  the  body.  The 
ferment  utilized  to  effect  the  dissociation  of  the  fat  is  probably 
liberated  in  too  large  amounts  into  the  general  circulation.  The  fat 
is  dissociated  into  fatty  acids  and  glycerine.  The  glycerine  passes  into 
the  blood-stream,  while  the  fatty  acids  are  partly  neutralized,  forming 
soaps.  A recent  analysis  of  necrosed  fat  by  Professor  Malan  at  this 
Institute  revealed  that  the  calcium  had  increased  by  thirty-three 
times  the  amount  present  in  normal  fat.  Calcium  was  also  present 
as  calcium  carbonate. 

The  determination  of  the  etiology  of'  fat  necrosis  rests  undoubtedly 
in  the  hands  of  the  biochemist.  The  pathologist  may  postulate 
hypotheses,  but  the  biochemist  will  have  to  prove  or  disprove  them. 

My  observations  on  fat  necrosis  are  recorded  in  the  hope  that 
they  may  stimulate  further  interest  in  a condition  apparently  not 
uncommon  in  man  and  beast. 


THE  SPLEEN. 

The  Spleen  was  in  some  cases  slightly  enlarged,  with  the  malpi- 
ghian  corpuscles  rather  prominent.  In  a few  cases  the  organ  was 
slightly  pigmented  and  its  veins  contained  a few  schistosomes. 

Various  investigators — Day  and  Ferguson  (1909),  Tsuchiya 
(1913),  Day  (1924  and  1925),  Fairley  (1920),  Houghton  (1923),  Dye 
(1925),  Hodson  (1925),  Christopherson  (1925),  Melency  (1925),  and 
others — consider  splenomegaly  as  one  of  the  lesions  associated  with 
human  schistosomiasis.  This  splenomegaly  most  of  them  attribute 
to  toxins  liberated  by  the  schistosomes. 

Hutchison  (1928)  states  : “ Splenic.enlargement  is  commonly,  but 
not  constantly,  associated  with  bilharzia  infections.”  Melency  (1925) 
believes  that  splenomegaly  results  from  the  plugging  of  thousands  of 
portal  capillaries  in  the  liver,  followed  by  scarring  and  contraction 
of  the  tissues.  The  splenic  enlargement  was  therefore  merely  the 
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results  of  an  obstructed  portal  circulation.  Houghton  (1923)  observes 
that  great  splenic  enlargement  is  a common  lesion  with  heavy  infesta- 
tions. He  cites  portal  stasis  as  the  main  cause,  but  does  not  deny  that 
toxix  products  of  parasitic  origin  may  play  a part. 

Splenomegaly  was  rarely  observed  in  the  schistosome-infected 
sheep  killed  for  autopsy.  In  an  animal,  killed  a month  after  intra- 
jugular injections  with  tartar  emetic  had  ceased,  the  spleen  was 
markedly  enlarged,  and  macroscopic  and  microscopic  examination 
showed  the  presence  of  numerous  verminous  emboli  in  the  ramifica- 
tions of  the  portal  vein.  This  suggests  the  inadvisability  of  forcing 
the  tartar  emetic  treatment  by  frequently  repeated  large  doses. 

Finally,  it  may  be  recorded  that  at  this  Institute  there  are 
hundreds  of  sheep  autopsied  annually  and  that  splenomegaly  is  by  no 
means  confined  to  any  one  disease.  In  one  victim  it  may  be  well 
marked,  whereas  in  another  victim  of  the  same  disease  it  may  be 
absent.  Splenomegaly  is  quite  common  in  healthy  sheep  killed  at 
abattoirs.  With  Enzootic  Icterus,  an  ovine  malady  of  undetermined 
etiology  and  characterized  by  haemoglobinuria  and  general  icterus,  I 
have  in  victims  autopsied  at  Ermelo  (1925),  in  the  eastern  Transvaal, 
and  at  the  Pietermaritzburg  Municipal  Abattoirs  (1925).  constantly 
found  a markedly  enlarged  spleen.  Recoveries  from  the  disease  were, 
contrary  to  I)e  Kock’s  (1928  c)  findings,  high. 


LUNGS. 


Macroscopic  Appearance. 

Macroscopically  the  most  conspicuous  and  constant  lesion  met 
with  in  the  lungs  was  their  characteristic  discoloration.  The  colour 
closely  resembles  that  of  the  liver  as  painted  by  Hr.  J.  Iv.  Lund  [in 
Byam  and  Archibald  (1923),  PI.  68,  Fig.  1], 

Th  is  discoloration  of  the  lungs  was  observed  in  every  animal,  but 
varied  in  intensity  with  the  age  and  the  degree  of  infection.  The 
pigment,  causing  this  characteristic  discoloration  of  the  lungs,  is  the 
unassimilated  portion  of  the  blood  ingested  by  the  schistosomes.  This 
unassimilated  ingesta  is  returned  per  os  into  the  general  circulation 
and  is  removed  from  the  circulation  chiefly  by  the  Stern  cells  of 
Kupffner  in  the  liver.  The  remaining  portion  is  removed  by  the 
connective  tissue  cells  in  the  alveolar  wall  of  the  lungs  and  to  a much 
less  extent  by  the  periportal,  the  bronchial,  and  the  mesenteric  lym- 
phatic glands. 

Most  (if  not  all)  of  the  pigment  conveyed  to  the  lungs  appears 
to  be  phagocytized  before  the  venous  flow  is  gained.  This  probably 
accounts  for  the  relative  absence  of  pigment  in  sections  of  such  organs 
as  the  heart,  the  kidneys,  the  skeletal  musculature,  and  the  central 
nervous  system. 

The  extreme  ventral  and  caudal  edges  of  the  lungs  may  appear 
free  of  pigment  (Fig.  40). 

Microscopic  Appearance. 

A constant  microscopic  lesion  met  with  in  sections  of  the  lungs 
is  the  presence  of  pigment  in  the  connective  tissue  cells  of  the  alveolar 
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wall.  Another  lesion  which  was  fairly  constantly  observed  was  the 
presence  of  pseudo-tubercles  next  to  bronchioles.  These  pseudo- 
tubercles  result  from  the  arrest  of  eggs  in  the  arterioles.  This  is 
followed  by  a cellular  infiltration  resulting  in  emboli  formation  and 
the  total  obliteration  of  the  arteriole.  The  final  result  is  typical 
pseudo-tubercles  (Figs.  26,  27,  28,  and  29),  which  may  partly  reduce 
the  lumen  of  the  bronchiole  and  lead  to  secondary  changes  in  the 
lungs. 

In  the  developing  pseudo-tubercle,  pigment  may,  in  the  early 
stag-es,  be  found  quite  close  to  the  arrested  egg  or  eggs.  In  the  fully 
developed  ones  the  pigment  is  absent,  having  been  removed  by  phago- 
cytes. Foreign-body  giant  cells  were  only  occasionally  met  with  and 
appeared  to  be  less  frequent  than  has  been  observed  in  man. 

The  pleura  were  in  a few  cases  found  somewhat  thickened,  but 
whether  this  was  solely  due  to  schistosomiasis  is  not  evident,  as  these 
animals  were  also  suffering  from  a verminous  broncho-pneumonia. 

In  the  case  of  animals  which  had  received  intrajugular  injections 
of  drugs  lethal  to  schistosomes,  numerous  parasites  were  found  in  the 
pulmonary  arteries.  These  parasites  were  very  much  reduced  in 
size,  and  the  females  harboured  in  their  uteri  rather  small  abnormally 
shaped  eggs  (Fig.  45). 

The  lungs  of  an  animal  which  had  received  tartar  emetic  showed 
dead  schistosomes  arrested  in  the  smaller  arteries  of  the  lung.  The 
dead  parasites  stimulated  cellular  infiltration  (Fig.  30). 

Nasal  discharges  were  examined  for  eggs,  but  none  were  ever 
found . 

Comparison  with  the  Lesions  recorded  for  Man. 

The  comparative  absence  (according  to  the  literature)  of  lung 
lesions  in  man  must  he  attributed  to  the  lack  of  looking  for  them. 

There  are,  however,  a few  references.  Mackie  (1885)  and  Bellili 
(1885)  observed  schistosome  eggs  in  numerous  small  abscesses  in  the 
lungs.  Eyles  (1888),  Bowlbey  (1889),  and  Kartulis  (1913)  likewise 
record  the  presence  of  ova  in  the  lungs.  Symmers  found  a pair  of 
worms  in  copula  in  the  blood  from  the  lung.  Manson  (1905)  has 
observed  ova  in  small  numbers  in  the  lungs,  as  did  Fakes  (Turner, 
1908)  in  South  Africa.  Turner  (1908)  recorded  lateral-spined  ova 
from  the  lung  of  a Shangaan  who  had  died  of  a nodular  condition  of 
the  liver.  This  condition  Turner  attributed  to  either  tuberculosis  or 
syphilis.  Out  of  59  humans  examined  at  post-mortem  eggs  were  noted 
in  the  lungs  of  37  and  in  the  bladders  of  52.  In  Byam  and  Archibald 
we  have  the  lines:  “ Rarely  in  advanced  and  hyper-infected  S.  haema- 
tobium cases  haemoptysis  has  been  recorded  with  terminal-spined 
ova  in  the  sputum.”  Dew  (1923),  discussing  the  lesions  observed  in 
the  human  lungs,  records  that  in  pure  S.  mansoni  infection  there  is  an 
almost  complete  absence  of  lung  changes,  in  contrast  to  the  lesions 
(pigmentation  and  patchy  fibrosis)  found  in  association  with  S.  haema- 
tobium invasion.  He  suggests  that  the  eggs  reach  the  lungs  either 
via  the  liver  or  through  anastomatic  channels  between  the  portal  and 
systemic  systems. 

Hutchison  (1928)  refers  to  the  lungs  in  the  brief  statement  : 
“ Ova  have  been  discovered  in  the  lungs,  brain,  and  kidneys.” 
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With  a progressive  cirrhosis  of  the  liver,  the  flow  of  blood  through 
the  organ  is  obstructed  and  the  radicles  of  the  portal  vein  become 
distended.  The  spleen  is,  therefore,  often  swollen.  The  increase  of 
the  pressure  in  the  portal  circulation  is  partly  relieved  by  the  widen- 
ing of  the  anastomoses  between  the  tributaries  of  the  portal  vein  and 
those  of  the  posterior  vena  cava.  MacCallum  (1919)  points  out  that 
anastomoses  between  the  portal  and  the  systemic  circulation  are  well 
described  by  Charcot  (1882). 

Conclusions. 

Judging  from  the  observations  on  sheep,  it  would  appear  that — 

(1)  the  pathological  lesions  in  the  lungs  are  provoked  by  the 
presence  of  ova,  pigment,  and  the  parasites  (migrating 
immature  forms  and  dead  adults); 

(2)  the  lungs  in  S.  mattheei  infection  are  more  often  affected 
than  with  S.  mansoni  (a  form  of  intestinal  schistosomiasis) 
in  man ; 

(3)  the  pigment  which  is  not  removed  by  the  liver  is  removed 
by  the  lungs ; 

(4)  the  pigment  and  schistosomes  may  reach  the  lungs  via  the 
liver  or  via  anastomoses  widened  as  a result  of  the  hepatic 
cirrhosis. 


LYMPH  GLANDS. 

The  most  commonly  affected  lymph  glands  were  the  pancreatic, 
the  hepatic,  and  the  mesenteric.  These  were,  as  a rule,  slightly 
enlarged  and  had  the  cortical  zone  heavily  pigmented  with  a pigment 
chemically  indistinguishable  from  the  malarial  pigment.  The  medulla 
of  the  mesenteric  lymph  glands  often  showed  the  presence  of  pseudo- 
tubercles. The  presence  of  worms  in  these  glands  explains  the 
presence  of  ova,  while  the  pigment  arrived  here  from  the  wall  of  the 
invaded  intestine.  The  bronchial  lymph  glands  were  occasionally 
pigmented. 


THE  BLOOD  CHANGES. 

The  marked  eosinophilia  recorded  for  schistosome-infected 
humans  was  not  observed.  This  may  perhaps  be  due  to  the  fact  that 
the  disease  was  chronic.  Several  of  the  sheep  were  also  infected  with 
Dictyocaulus  filaria,  the  only  lungworm  hitherto  observed  in  South 
African  sheep.  The  lungworm-infected  sheep  did  not  show  an  eosino- 
philia either,  although  portion  of  the  lungs,  on  microscopical  examina- 
tion, showed  heavy  infiltration  with  eosinophiles.  The  bone-marrow 
did  not  show  changes  from  the  normal.  This  would  lead  one  to  deduct 
that  the  eosinophiles  were  formed  from  lymphocytes  present  at  the 
lesion . 


TOXINS  EXCRETED  BY  SCHISTOSOMES. 

According-  to  Dew  (1923),  schistosomes  “ produce  a toxin  the 
reaction  to  which  is  manifested  by  eosinophilia  and  deviation  of  com- 
plement, and  which  is  probably  a big  factor  in  the  production  of 
many  of  the  pathological  changes,  especially  those  found  in  the  liver. ,T 
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Fairley  (1920)  states  that  the  circulating  toxins  liberated  by 
S.  mansoni  and  S.  haematobium  are  filtered  out  into  the  periportal 
zones.  He  attributes  the  generalized  periportal  cirrhosis  of  the  liver 
to  this  toxin  rather  than  to  the  presence  of  the  ova. 

Hutchison  (1928)  concludes  that  schistosomes  produce  “ noxious 
substances  ” in  the  body  of  the  host.  According  to  him,  “ the  nature 
of  this  noxious  substance  is  not  clearly  established.”  He  advances 
facts  to  prove  that  it  results  from  simple  protein  splitting  rather 
than  from  toxin  production. 

The  presence  of  toxins  liberated  hv  the  parasites  themselves  or  by 
their  ova  lias  to  my  mind  not  been  indisputably  established.  The 
fact  that  hyper-infected  monkeys  died  does  not  necessarily  prove  the 
■existence  of  toxins  primarily  produced  by  the  schistosomes. 

TOXINS  ATTRIBUTED  TO  OTHER  OVINE  PARASITES. 

There  still  seems  to  he  a tendency  to  attribute  the  ill-effects 
elicited  by  helminths  to  “ toxins  ” produced  by  them. 

De  Ivock  (1928),  discussing  Haemonchus  contortus  (the  common 
stomach-worm)  and  Oesophagostomum  columbianum  (the  nodular 
worm)  infesting  sheep,  writes  : “ The  worms  live  on  blood  (haemon- 
chus)  or  produce  poisonous  substances  (oesophagostomum).”  This 
sweeping  statement,  unsupported  by  experimental  data,  is  misleading 
and  cannot  he  accepted,  especially  when  Curtice  (1890),  the  original 
discoverer  of  0.  columbianum , states  that  the  parasites  are  attached 
to  the  membrane  of  the  large  intestine  and  cause  lesions  in  various 
organs. 

Theiler  (1921),  in  an  admirable  article  on  the  ravages  and  lesions 
caused  by  the  nodular  worm  of  sheep,  records  the  finding  of  worms 
attached  to  the  mucous  membrane  of  the  large  intestine.  Monnig 
(reprint  from  Northern  News , Vryburg),  discussing  O.  columbianum, 
writes:  “ The  worms  are  not  attached  to  the  wall  of  the  intestine, 
hut  lie  mixed  up  with  the  contents.”  “ These  worms  are  not  blood 
suckers.”  My  personal  observations  support  the  findings  of  Curtice 
and  Theiler. 

The  lesions  observed  in  various  organs  (wall  of  small  and  large 
intestines,  liver,  omentum,  mesenteric  lymphatic  glands,  etc.)  prove 
that  the  parasitic  larval  stage  of  this  nematode  is  capable  of  inflicting 
•considerable  damage  to  tissues.  There  is  no  proof  that  the  tissues, 
thus  damaged,  are  not  at  some  stage  the  producers  of  noxious  sub- 
stances. 

That  the  migration  of  schistosome  cercariae,  adult  schistosomes 
and  their  ova  within  the  host,  can  damage  the  tissues  is  evident. 
That  the  damaged  tissues  cannot  provoke  the  reactions  observed  has 
not  been  proved,  hut  neither  has  it  been  disproved.  The  work  of 
Lewis  (1927)  seems  to  support  the  view  that  stimulated  or  damaged 
tissues  are  capable  of  liberating  irritants. 

Geurrini  (1912),  dealing  with  the  influence  of  trematode  parasites 
on  man,  concludes  that  there  is  little  evidence  of  toxin  production. 
Several  workers  [Bedson  (1913),  Paulin  (1914,  Meyer  (1913),  Seyder- 
helm,  and  others]  by  injecting  various  worm  extracts  into  experimental 
animals  have  provoked  clinical  symptoms  or  have  induced  pathological 
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lesions  in  internal  organs.  These  they  attribute  to  toxins  contained  in 
the  injected  materials.  They  did  not  appear  to  have  taken  into  con- 
sideration the  nature  of  the  substances  injected. 

With  the  advance  of  biochemistry  this  “ Toxin  theory  ” may  one 
day  be  proved  or  disproved.  In  the  meantime  we  have  to  accept 
Nicoll’s  (1922)  lines:  “ Geurrini,  on  the  other  hand,  does  not  appear 
to  deny  that  pathogenic  action  may  result  from  mechanical  irritation, 
from  the  withdrawal  of  material  essential  to  the  host’s  economy,  and 
from  the  promotion  of  secondary  infection.” 

In  South  Africa  the  losses  from  the  majority  of  gastro-intestinal 
parasites  of  sheep  and  cattle  are  seasonal  and  are  most  severe  in  a 
given  locality  when  the  natural  grazing  in  that  locality  is  at  its  worst. 

The  rapid  disappearance  of  Oesopliagostomiasis  this  spring  from 
the  Hocks  of  the  western  Transvaal  and  Becliuanaland  at  the  appear- 
ance of  green  pastures,  after  the  first  rains,  proves  to  my  mind  that 
“ the  withdrawal  of  material  essential  to  the  host’s  economy  ” is  a 
most  important  factor  to  be  considered  in  the  fight  against  parasitic 
diseases. 

My  personal  observations  are  that  sheep  in  good  condition,  kept 
on  a well-balanced  ration  and  free  of  other  diseases,  can  only  with 
difficulty  be  killed  by  infecting  them  with  one  species  ( Dictyocaulus 
filaria,  Schistosoma  mattheei,  Ilaemonchus  contortus,  Oesophagosto- 
mum  columbianum,  or  Trichostrongylus)  at  a time. 

In  some  cases  (Dictyocaulus  and  sheep,  and  Haemonchus  and 
calves)  it  was  impossible  to  infect  animals  in  good  condition.  In 
others  the  infection  was  established  only  to  be  lost  again  within  a 
short  time.  On  reducing  the  rations  of  these  animals  they  became 
infected.  These  infected  animals  were  saved,  provided  they  were 
not  too  heavily  infected,  by  putting  them  back  on  to  well-balanced 
rations.  They  increased  in  weight  and  lost  the  infection. 

These  experiments,  conducted  only  with  a few  species,  seem  to 
indicate  that  animals  in  good  condition  possess  the  power  of  protect- 
ing themselves  against  certain  helminths,  and  that  infected  animals 
when  properly  cared  for  can  rid  themselves  of  these  worms. 

In  the  case  of  Schistosomiasis  my  observations,  based  on  field  and 
laboratory  experience,  prove  that  infected  sheep,  on  good  pastures  or 
on  a balanced  ration,  relatively  free  from  other  helminths  or  ecto- 
parasites and  not  unnecessarily  worried,  will  not,  during  the  produc- 
tive period  of  their  short  span  of  life,  die  as  the  result  of  S.  mattheei 
infestation.  Records  suggest  that  even  in  man  schistosomiasis  is  a 
remarkably  benign  malady.  The  eases  recorded  as  having  been  fatal 
within  a few  years  occurred  undoubtedly  in  malnutri tinned,  over- 
worked, or  otherwise  debilitated  individuals.  Malnutritioned  children, 
overworked,  ill-clad,  and  underfed  agricultural  labourers,  and  already 
diseased  subjects  are  likely  to  be  very  adversely  affected  by  schisto- 
some invasion.  The  successful  control,  prevention,  and  eradication 
of  tropical  diseases  depend  on  better  hygiene,  less  fatigue,  and  more 
suitable  food. 

That  much  of  Ihe  injury  caused  by  parasites  is  indirect,  cannot 
be  disputed.  Do  they  unintentionally  predispose  their  keepers’  tissues 
to  bacterial  invasion  or  do  they  initiate  this  invasion  as  a defence 
against  total  extermination? 
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Gall i- Yale rio’s  (1914)  remarks,  that  the  attention  paid  to  bacte- 
riology has  unduly  distracted  attention  from  the  pathogenic  propeties 
of  worms,  still  hold  to-day.  4Ye  must,  however,  admit  that  the  time 
and  energy  devoted  to  bacteriology  lias  furnished  us  with  some 
valuable  data,  to  be  applied  in  the  investigation  of  the  pathogenic 
properties  of  helminths. 

If  the  future  attempts  at  the  control  and  the  eradication  of 
parasitic  diseases  are  to  be  successful,  there  should  be  closer  co-opera- 
tion between  Biochemists,  Pathologists,  Bacteriologists,  and  Parasito- 
logists. 

Other  Helmints  collected  from  the  Sheep  infected  with 
Sch  istosomes. 

In  addition  to  Schistosoma  mattheei , there  were  present  (not 
necessarily  all  in  any  one  animal)  the  species:  — 

Paramphistomum  calicophorum  in  the  rumen; 

Fasciola  hepatica  (one  case)  in  the  bile  and  pancreatic  ducts; 

Haemonchus  contortus,  Ostertagia  circumcincta,  T nchostrongy- 
lus  axel , and  7.  instabilis  in  the  abomasum; 

7.  instabilis,  T.  rugatks,  Ostertagia  furcata,  Nematodirus 
spath iger,  Bunostom urn,  t r igo nwceph alum,  Strongyloides 
papillosus,  Oesophagostomum  columbianum  (nodules  in 
gut-wall),  Avitellina  centri punctata,  and  Moniezia  expansa 
in  the  small  intestine; 

7’ richocephalus  oris,  0.  columbianum , in  lumen  of  caecum  and 
rest  of  large  intestine; 

O.  columbianum  nodules  in  gut-wall  not  too  frequent; 

Cysticercus  tenuicollis  in  subperitoSteeum ; 

Eccli  iococcus  granulosus  (cysts)  in  liver  and  lungs; 

Dictyocaulus  filaria  in  bronchi  and  bronchioles;  and 

Gong  ylonema  scut  a turn  in  the  mucosa  of  oesophagus. 

The  sheep  which  were  dying  were  those  simultaneously  heavily 
infested  with  H . contortus  and  Dictyocaulus  filaria.  The  former  was 
successfully  removed  by  the  use  of  the  Government  Wire  worm  Bemedy 
(a  mixture  of  powdered  copper  suphate  SO  per  cent,  and  arsenic  20  per 
cent.). 

In  well-fed  animals  the  lung-worm  infection  was  lost  within  six 
to  nine  weeks  after  arrival  at  the  laboratory.  By  keeping  the  animals 
on  short  rations  the  infection  was  retained. 

Helminths  collected  from  Small  Antelopes  shot  in  the 
Endemic  Area. 

One  adult  bushbuck  (T ragelaphus  sylvaticus)  and  three  steen- 
bucks  ( Raphiceros  ca  in  pest  ns  Hunb.)  were  examined.  The  bushbuck 
yielded  only  three  specimens  of  Setaria  and  from  the  steenbucks  were 
collected  only  a few  specimens  of  H . contortus  and  T.  rugatus.  The 
recovery  of  the  latter  from  a wild  ruminant,  and  its  record  hitherto 
from  sheep  in  South  Africa  only,  suggest  that  wild  ruminants  are 
the  natural  hosts. 
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PATHOGENESIS  OF  “ SCHISTOSOMA  MATTHEEI.” 


Fig.  1. 

Schistosoma  mattheei  Veglia  and  Le  Roux  (1929).  The  female  partly 
imbedded  in  the  gynaecophorus  groove  of  the  male. 


Fig.  2. 

A male  with  prominent  ventral  sucker.  Note  the  dorsal  groove. 
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Fig.  3. 

The  visceral  surface  of  a portion  of  a hypertrophic  cirrhotic  liver. 
Sheep  killed. 


Fig.  4. 

Portion  of  liver  (case  Fig.  3),  showing  pigmentation  especially  towards 
the  periphery. 
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Fig.  5. 

Encapsulated  groups  of  eggs  arrested  in  the  liver.  Sheep  died. 
Magn.  14  X. 
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Fig.  6. 

Two  eggs  and  pigment  in  a hepatic  branch  of  the  portal  vein. 
Sheep  killed.  Magn.  125  x.  Spec.  No.  8324. 


Fig.  7. 

Eggs  arrested  in  a branch  of  the  portal  vein.  Sheep  died. 
Magn.  60  X.  From  Fig.  5.  Spec.  No.  8068. 


381 


PATHOGENESIS  OF 


SCHISTOSOMA  MATTHEET 


Fig.  8. 

Encapsulated  group  of  eggs  in  the  periportal  zone.  Liver.  Sheep  died. 
Magn.  135  X.  From  Fig.  5.  Spec.  No.  8068. 
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Fig.  9. 

Hepatic  branch  of  the  portal  vein,  showing  almost  complete  occlusion  from 
an  organized  thrombus.  Sheep  killed.  Magn.  70  X.  Spec.  No.  8775. 
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Fig.  10. 

Degenerative  changes  and  pigmentation.  Liver.  Sheep  killed. 
Magn.  75  x. 
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Fig.  11. 

Dead  schistosomes  arrested  in  the  branches  of  the  portal  vein.  Note  the  heavy 
pigmentation.  Sheep  killed  after  treatment  with  tartar  emetic.  Magn. 
14  X.  Spec.  No.  8068. 
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Fig.  12. 

Dead  male  arrested  in  a branch  of  the  portal  vein  in  the  liver.  Note  cellular 
accumulation  around  the  parasite.  From  a sheep  treated  with  Antimony 
Potassium  Tartrate.  Magn.  135  x.  Spec.  No.  8068. 
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Fig.  13.  Fig.  14. 


Fig.  13. — 'I  lie  distal  portion  oi  the  caecum  showing  heavy  deposition  (dark 
zones)  of  eggs  in  its  wall.  Sheep  killed  Magn.  \ x.  ' Incised  along  the 
lesser  curvature. 

Fig.  14. — A proximal  portion  of  the  caecum,  same  case  as  Fig.  13. 
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Fig.  15. 

Schistosomes  in  pairs  in  the  veins  draining  the  caecum  and  the  ileum. 

Sheep  killed. 


Fig.  16. 

Schistosomes  in  submucosa  of  small  intestine.  Pseudo-tubercles  in  the  mucosa 
propria.  Note  the  ventral  sucker  (V.S.)  of  the  male.  Sheep  killed. 
Magn.  17  x. 
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Fig.  17. 

Pigmentation  of  a hepatic  lymph  gland.  Sheep  killed.  Magn.  135  X. 
Spec.  No.  8058. 


389 


I’ A THO  GENESIS  OF  “ SCHISTOSOMA  MATTHEEI. 


Fig.  18. 

Eggs  in  the  mucosa  of  the  small  intestine.  Sheep  killed.  Magn.  20  x. 


Fig.  19. 

Eggs  in  a piece  of  mucosa  from  the  caecum.  Sheep  killed.  Magn.  8 X. 
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Fiu.  20. 

Eggs  lying  in  the  venules  of  t lie  small  intestines.  Guinea-pig,  artificially 
infected  with  S.  mattheei.  Magn.  35  X. 


Fig.  21. 

.Small  intestine  showing  pseudo-tubercles  in  the  mucosa  propria,  and 
the  muscular  layers.  Sheep  died.  Magn.  2(5  X. 
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Fig.  22. 

Caecum  showing  pseudo-tubercles  in  the  fibrosed  submucosa  and 
muscular  layers.  Sheep  died.  Magn.  15  x. 


Fig.  23. 

Small  intestine  showing  pseudo-tubercles  in  submucosa  and  eggs  migrating 
through  the  muscularis  mucosa  into  the  mucosa  propria.  Sheep  killed. 
Magn.  40  x.  Spec.  No.  8323. 
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Fig.  24. 

Wall  of  caecum  showing  pseudo-tubercles  in  submucosa  and  mucosa  propria. 
The  muscularis  mucosa  is  totally  destroyed.  Note  cellular  ^infiltration  ol 
the  mucosa  propria.  Sheep  died.  Magn.  23  X.  Spec.  No.  7887. 
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Fig.  25. 

Eggs  deposited  in  tlie  submucosa  ol  the  caecum.  (Sheep  killed.  Magi).  135  x. 

Spec.  No.  1862. 
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Fig.  26. 

Pleura  thickened,  and  numerous  pseudo-tubercles.  Lung.  Sheep  killed. 
Magn.  15  X.  Spec.  No.  7783. 


Fig.  27. 

Developing  pseudo-tubercles.  Lung.  Sheep  killed.  Magn.  135  x. 
Spec.  No.  7783. 
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Fig.  28. 

Pseudo-tubercles  next  to  a bronchiole.  Sheep  killed.  Magn.  135  X. 
Spec.  No.  7783. 


Fig.  29. 

Pseudo-tubercles  next  to  bronchiole.  Sheep  killed.  Magn.  7o  X. 
Spec.  No.  7783. 
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Fig.  30. 

A male  schistosome  arrested  in  a pulmonary  artery.  Note  the  almost  complete 
absence  of  pseudo-tubercles  from  this  section.  Sheep  treated  with  tartai 
emetic  and  killed.  Magn.  14  X.  Spec.  No.  8008. 
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Fig.  31. 

Developing  pseudo-tubercle  in  a mesenteric  lymphatic  gland.  Sheep 
killed.  Magn.  120  X.  Spec.  No.  8325. 


Fig.  32. 

Farly  stage  in  the  development  of  a pseudo-tubercle.  Liver.  Sheep  killed  after 
experiment  via  the  .skin  with  cercariae  of  .S',  mattheei  from  1‘hysopsis 
africana  var.  globosa.  Spec.  No.  8363. 
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Fig.  33. 

Developing  pseudo-tubercles.  Liver  of  a guinea-pig  experimentally  infected 
with  cercariae  of  »S'.  mcittheei,  obtained  from  Physopsis  africana  var. 
gtobosn.  Magn.  70  x.  Spec.  No.  8624. 


Fig.  34. 

Centre  pseudo-tubercle  from  Fig.  33.  Magn.  135  X.  Spec.  No.  8024. 
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Fig.  35. 

Degenerative  changes  of  the  liver  cells  at  the  centre  of  the  lobule, 
around  the  portal  tracts  not  involved  to  the  same  extent.  Magn.  60 


Cells 
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Frc.  36. 

Pseudo-tubercle  in  the  mucosa  propria  and  an  egg  migrating  through  the 
tissues.  Caecum.  Sheep  killed.  Magn.  135  x.  Spec.  No.  8058. 
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Fig.  37. 

Calcified  eggs  in  a pancreas  showing  a portion  degenerated.  Sheep  killed. 

Magn.  75  X. 


Fig.  38. 

Eggs  in  a lobule  of  the  pancreas.  No  cellular  infiltration  is  evident. 
Sheep  killed.  Magn.  75  X. 
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Fig.  39. 

Pseudo-tubercle  pancreas.  Sheep  killed.  Magn.  60  x. 


Fig.  40. 

Posterior  ventral  portion  of  the  left  lung  showing  pigmentation.  Note  the 
heavy  deposition  of  pigment  around  the  branches  of  t lie  pulmonary  artery. 
Lobules  along  the  posterior  ventral  border  show  hardly  any  pigmentation. 
Sheep  killed. 


14 
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Fig.  41. 

Pseudo-tubercle  in  fold  of  abomasum.  Sheep  killed.  Magn.  60  X. 


Fig.  42. 

Small  intestine  showing  diverticula  and  calcareous  nodules  and  schistosomes  (S) 
in  the  veins.  Sheep  killed.  Magn.  Natural  size. 
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Fig.  43. 

Uesophagostomum  columbianurn  nodule,  showing  the  larva,  in  section,  sur- 
rounded by  leucocytes  especially  eosinophiles  and  endothelial  cells  (E.C.) 
containing  a brownish  pigment.  Sheep  killed.  Magn.  70  X. 


Fig.  44. 

Uesophagostomum  columbianurn ■ nodules,  showing  fibrous  tissue  formation 
stimulated  by  the  larva  wandering  in  the  liver.  Magn.  35  X.  This  field 
was  close  to  Fig.  43,  and  indicates  a former  habitat  of  the  larva.  Magn. 
35  X.  405 
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Fig.  45. 

Eggs  from  the  uterus  of  a female  which  had  been  subjected  to  tartar  emetic 
treatment  in  vitro. 


Fig.  46. 

Kidney  with  the  perirenal  fat  showing  extensive  fat  necrosis.  Sheep  infected 
with  S.  mattheei. 
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Vjth  Animal  Report  of  the  Director  of  Veterinary  Services, 
Union  of  South  Africa.  October,  1929. 


Notes  on  the  Life-Cycle  of  Schistosoma  mat- 
theei  and  Observations  on  the  Control 
and  Eradication  of  Schistosomiasis  in  Man 
and  Animals. 

By  P.  L.  LE  ROUX,  B.Sc.  (Edin.),  M.R.C.V.S.,  Veterinary 
Research  Office]’,  Onderstepoort. 


INTRODUCTION. 

The  life-cycles  of  the  three  common  human  schistosomes  have  been 
extensively  investigated  within  the  last  fifteen  years.  Miyairi  and 
Suzuki  (1913)  traced  the  development  of  S.  japonicum,  in  a small 
amnicolid  snail.  Leiper  and  Atkinson  (1915)  reared  the  cercaria  of 
S.  japonicum  in  the  snail  Blanfordia  nosophora  (Robson).  Leiper 
returned  to  Egypt  and  within  a few  months  proved  that  S.  haemato- 
bium is  transmitted  by  Bulinus  contortus  (Michaud),  B.  dyboicski  i 
Fisher,  and  B.  innesi  (Pallary),  and  that  S.  mansoni  has  Planorhis 
boissyi  Potiez  and  Midland,  as  its  invertebrate  host.  It  is,  perhaps, 
remarkable  that  Leiper  did  not  trace  the  invertebrate  host  of  S.  bans 
(Sonsino)  which  parasitizes  domesticated  ruminants  in  that  area. 

Other  schistosomes  which  have  been  recorded  from  man  are: 
S.  farad jei  Walkiers,  1928,  from  the  Belgian  Congo,  S.  incoymtum 
Chandler,  1928,  from  Bengal  in  India,  and  -S',  spindalis  var.  africana 
Porter,  1926.  The  first  two  mentioned  were  founded  on  the  size  and 
shape  of  their  eggs,  which  are  passed  in  the  faeces.  The  adults  are 
unknown.  The  species,  S.  spindalis  var.  africana  (syn.  S.  spindalis 
of  Cawston,  1928),  was  reared  in  mice,  infected  with  cercariae  from 
B.  tropicus  and  B.  pfeifferi.  The  snails  were  infected  with  miracidia 
hatched  from  schistosome  eggs,  obtained  from  the  urine  of  two 
humans  in  South  Africa.  The  morphology  of  this  species  is  imper- 
fectly known.  From  the  data  available,  it  is  evident  that  these  three 
species  should  he  regarded  as  species  inqui rendae  until  the  adults 
are  found. 

The  size  and  the  shape  of  the  eggs  within  a species  may  show 
considerable  variation,  as  will  he  evident  from  the  figures  (Plate  1, 
Figs.  I to  VIII  and  1 to  7).  If  the  eggs  alone  are  to  he  considered 
for  the  diagnosis  of  a species,  it  is  evident  that  this  Pretoria n was 
infected  with  at  least  four  or  five  different  species  of  schistosomes. 
There  are  eggs  present  reminding  one  of  those  of  S.  haematobium , 
-S',  incoynituui,  S.  bom  ford  i , -S'.  mattheei , and  S.  spindalis.  It  would 
undoubtedly  be  most  unusual  to  have  one  human  infected  with  all 
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these  species.  The  three  last  mentioned  inhabit  the  radicles  of  the 
portal  vein  in  domestic  stock  and  can  therefore  hardly  be  expected 
to  prefer  the  urino-genital  tract  when  localized  in  man. 

The  schistosomes  recorded  from  domestic  stock  are:  — 

(1)  S.  bovis  (Sonsino)  Khalil  1924,  from  cattle  and  sheep  in 

Africa  and  Europe  (Italy,  Sardinia),  India,  and  from 
cattle  in  Cochin  China. 

(2)  S.  bomfordi  Montgomery  1906,  from  cattle  in  India  and 

Southern  Eranc-e. 

(3)  S.  spindalis  Montgomery  1906,  from  cattle,  goats,  and  the 

water  buffaloes  in  India  and  cattle  in  Sumatra. 

(4)  .S',  indicvm  Montgomery  1906,  from  equines  and  sheep  in 
India. 

(5)  .S.  japonicum  Katsurada  1904,  from  man  and  various  mam- 
mals (horse,  ox,  sheep,  cat,  dog,  etc.)  in  the  Far  East. 

(6)  .S.  turhestanicum  Skrjabin  1913),  from  cattle  in  Russian 
Turkestan . 

(7)  S.  mattheei  Yeglia  and  Le  Roux  1929,  from  sheep  and 
cattle  in  the  Cape  Province. 

The  invertebrate  hosts  of  some  of  the  schistosomes  have  been 
determined  and  may  be  briefly  considered. 

The  snails  responsible  for  the  perpetuation  of  A.  haematobium 
and  S.  mansoni  in  Egypt  have  been  considered  above.  In  South 
Africa  the  intermediate  host  of  S.  haematobium  was  first  demon- 
strated by  Becker  (1916)  to  be  Physopsis  africana.  His  findings 
have  since  been  verified  by  Cawston,  Faust,  and  Porter.  Porter  (1920) 
also  incriminates  Lyinnaea  natalensis  Krauss,  but  judging  from  the 
prevalence  of  this  snail  throughout  a large  area  of  the  Union  and 
the  localization  of  .S',  haematobium  only  in  areas  inhabited  by 
Physopsis,  it  would  appear  that  L.  natalensis  need  not  be  considered 
as  a vector  in  the  spread  of  schistosomiasis.  Porter  (1925)  names 
Physopsis  conicum  as  a host  of  S.  haematobium . In  Portugal  the 
host  is  Planorbis  dufourii  Graells,  according  to  Franca  (1922)  and 
Bettencourt  and  Borges  (1922);  in  Nyasaland  it  is,  according  to 
Dye  (quoted  by  C'hristopherson,  1923),  a species  of  Physopsis , allied 
to  P.  africana  var.  ylobosa  (Morelet) ; in  Sierra  Leone,  Blacklock 
and  Thompson  (1924)  obtained,  from  P.  africana  var.  ylobosa,  cer- 
cariae  which  were  reared  to  maturity  in  animals  and  proved  on 
examination  to  be  the  adults  of  .S',  haematobium,;  in  Tanganyika 
Territory  the  snail,  Physopsis  nasutu  v.  Martens,  is  held  responsible 
by  Corson,  1927 ; Ingram  (1924)  suspects  P.  ylobosa  as  the  carrier  on 
the  Gold  Coast;  in  Cyprus,  Leiper  (1928)  found  B.  contort  us  prevalent 
in  the  endemic  area.  In  Lourenco  Marques  it  is  P.  africana  var. 
ylobosa,  according  to  Cawston  (1925). 

Schistosoma  mansoni  is  evidently  by  no  means  common  in  South 
Africa.  Porter  (1920)  records  that  the  South  African  fresh-water 
snails,  Physopsis  africana,  Bulinus  tropicus  (Krauss),  and  Planorbis 
pfeiffen  Krauss,  can  serve  as  intermediate  hosts  of  this  blood-fluke. 
Faust  (1920)  recognizes  the  cercariae  of  P.  mansoni  amongst  cercariae 
from  P.  africana.  from  Natal.  In  Venezuela,  according  to  Iturbe 
and  Gonzalez  (1917),  the  intestinal  schistosomiasis  is  propagated  by 
Planorbis  yuadelupensis  Sowerly.  These  authors  also  claim  to  have 
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artificially  infected  Pomacea  luteostoma  and  Planorbis  cultratus.  In 
Brazil  the  snails  P.  cent  iinet  ml  is  Ad.  Lutz  and  P.  olivacevs  Spix, 
are  the  hosts  incriminated  by  Lutz  (1919);  in  the  West  Indies  it 
is  P.  antiguensis  Gould,  according  to  Jones  (1923);  while  in  Dutch 
Guinea  Khalil  (1921)  found  the  snail  P.  olivaceus  infected;  in 
Madagascar,  Hasle  (1928)  found  Planorbis  madagascariensis  infected; 
Marin  (1928)  records  that  Hoffman  had  experimentally  shown 
P . guadelupensis  to  he  the  host  in  Porto  Pico. 

Schistosoma  japonicvm  (Katsurada)  was  found  by  Leiper  and 
Atkinson  (1915)  to  be  transmitted  by  Plan  ford  ia  nosophora  (Robson) 
(syn.  On co melanin  nosophora;  Katayama  nosophora ; Hypsobia  noso- 
phora). Cort  (1919)  confirmed  the  findings  of'  Leiper  and  Atkinson 
when  he  infected  rats  with  cercariae  from  this  snail.  In  Formosa 
the  host  is  B.  formosana  Pilsbry  and  Hirase.  In  the  Yangtze  Valley, 
China,  the  host  was  found  by  Melency  and  Faust  (1923)  to  be 
Hemilna  huvensis  (Gredler)  (syn.  Melania  hnpensis;  Oncomelania 
hupensis ; M clan  is  schmacheri). 

Schistosoma  spindalis  Montgomery,  1906,  was  found  by  Liston 
and  Soparkar  (1918)  to  be  naturally  transmitted  by  Planorbis  exustus 
Deshayes  at  Bombay.  Fairley  and  Jasudasin  (1927)  infected  water 
buffaloes  experimentally. 

Schistosoma  spindalis  var.  afncana  Porter,  1926,  is,  according 
to  its  discoverer,  transmitted  by  Planorbis  pfeifferi  and  Bulinus 
tropicus.  Bequaert  (1928)  regards  these  experiments  of  Porter  as 
inconclusive. 

The  life-cycles  of  all  the  other  animal  schistosomes  except  that 
of  S.  mattheei  are  still  to  be  determined.  It  would  surely  not  be 
unusual  to  find  that  Bulinus  contortus  transmits  the  so-called  S.  bovis 
of  Egypt,  Sardinia,  and  Sicily. 

S.  boms  (Sonsino)  Khalil  is,  according  to  Cawston  (1928),  trans- 
mitted by  Ph ysopsis  afncana  in  Natal.  Faust  (1921)  described,  from 
P.  africana  in  Natal,  the  Cercaria  octadena,  which  he  believes  to  be 
the  larval  stage  of  S.  bovis. 

There  are  cases  on  record  (Cawston,  1921,  1922,  1927,  and  1928) 
where  spindle-shaped  eggs  resembling  those  of  S.  bovis  have  been 
observed  in  (lie  urine  of  humans  in  Natal.  Leiper  (1923),  who  had 
the  opportunity  of  examining  some  of  these  eggs  observed  by  Caw- 
ston, has  doubted  this  possibility  because  intermediate  forms  between 
these  eggs  and  eggs  typical  of  S.  haematobium  were  observed. 
Brumpt  (1922)  expresses  himself  against  such  a possibility  in  the 
statement:  “ Cette  determination  est  probablement  inexacte,  cas  de 
dernier  ver  ne  produit  <jue  des  lesions  intestinales  ehez  le  boeuf.” 

Malifuz  (1927)  has  in  Egypt  recovered  from  I lie  urine  of  a patient 
suffering  from  haematuria  and  painful  micturition  eggs  believed  to 
be  those  of  S.  bovis.  Cawston  (1928)  writes:  “ In  Natal,  however, 
one  sometimes  encountered  tin1  eggs  of  other  schistosomes  associated 
with  those  of  S.  haematobium , and  adult  species  of  S.  bovis  have  been 
reared  from  cercariae  obtained  from  Physopsis . whilst  S.  spindalis 
has  been  successfully  reared  in  the  Transvaal  and  would  seem  to 
occur  as  a rare  parasite  of  man  in  Natal.”  Cawston  (1928)  writes: 
” I am  not  aware  that  bilharziasis  has  been  demonstrated  in  any 
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animal  in  South  Africa,  except  in  man.”  In  a letter  (quoted  by 
Faust,  1926)  dated  June  29,  1920,  Cawston  wrote  to  Faust  as  follows: 
“ I)r.  E.  T.  Leiper  has  no  hesitation  in  diagnosing  some  adult  schis- 
tosomes from  one  of  my  guinea-pigs  as  Schistosoma  hods , which  have 
not  previously  been  found  in  South  Africa;  lml  I have  not  yet  traced 
the  cow  (the  usual  host)  that  infected  the  Ph  ysopsis  used  in  the 
experiments.  To  this  Faust  (1926)  remarks:  “ In  fact,  the  ‘cow,’ 
hypothecated  by  Dr.  Cawston,  may  not  be  necessarily  involved  in  the 
Schistosoma  horns  life-cycle  in  Xatal;  man  may  possibly  serve  in 
this  capacity.”  Blaeklock  (1925),  discussing  schistosomiasis  in 
Sierra  Leone,  asks  the  questions:  ” Is  S.  bovis  present?”  and  con- 
tinues: “ The  position  of  S.  hods  appears  to  be  somewhat  uncertain, 
both  geographically  and  morphologically,  and  also  as  regards  the 
vertebrate  and  mollusc  hosts.  The  present  vague  conception  of  what 
»S'.  hovis  actually  is  makes  it  difficult  for  workers  in  endemic  areas  to 
incriminate  snail  hosts,  unless  adult  females  containing  eggs  develop 
in  the  experimental  animals.” 

In  the  discussion  of  Blackloek’s  (1925)  paper.  Prof.  Leiper  refers 
to  the  paucity  of  intestinal  infections  in  Sierra  Leone  with  S.  haema- 
tobium in  marked  contrast  to  the  findings  of  Chesterman  in  the  Congo, 
where  S.  haematobium  occurs  mostly  in  the  faeces.  In  Egypt  the 
vesicle  infection  predominates,  and  it  was  because  Harley  (1864) 
found  only  terminal-spined  eggs  in  the  urine  of  his  patients  at  Port 
Elizabeth  that  he  named  Distomum  capense  to  differentiate  the  South 
African  blood-fluke  from  that  recorded  from  Egypt,  where  lateral- 
spined  ova  were  also  common. 

Xessmann  and  Trenz  have  at  Gabon  in  French  West  Africa  found 
cases  of  intestinal  schistosomiasis  without  indications  of  cystic 
involvement.  The  eggs  passed  in  the  faeces  were  terminal-spined 
and  were  taken  for  those  of  S.  haematobium.  Xo  details  as  to  the 
morphology  of  the  adult  parasite  are  available.  The  authors  do  not 
give  figures  or  measurements  of  the  eggs  observed.  Reynard  and 
Leger  (1922)  have  in  Central  Africa  seen  cases  of  rectal  schistoso- 
miasis without  vesicle  implication. 

It  has  by  no  means  been  proved  at  autopsy  that  S.  haematobium 
can  ever  produce  intestinal  schistosomiasis  without  involvement  of 
the  urinary  bladder.  Brumpt  (1928)  records  the  infection  of  a hedge- 
hog with  S.  haematobium.  He  observes  that  there  was  no  invasion  of 
the  urinary  bladder.  I have  not  been  able  to  consult  the  original 
communication,  but  from  the  review  of  the  article  in  the  Tropical 
Diseases  Bulletin  it  is  not  evident  where  he  obtained  the  cereariae 
utilized  for  infecting  the  animal.  My  attempts  to  rear  supposed  S. 
haematobium  cereariae  to  the  adult  stage  in  sheep,  white  rats,  and 
guinea-pigs  have  failed  on  four  occasions.  The  cereariae  used  were 
mammalian  schistosome  cereariae  obtained  from  P.  africana  var. 
glohosa,  collected  in  areas  where  urinary  schistosomiasis  is  prevalent. 

This  failure  to  infect  rats  with  supposed  cereariae  of  S.  haemato- 
bium has  been  experienced  by  Ingram  (1924)  on  the  Gold  Coast, 
where  he  tried  to  infect  rats  with  cereariae  from  Physopsis  globosa, 
Morelet.  The  Ph  ysopsis  was  submitted  to  miracidium  hatched  from 
eggs  passed  in  the  urine.  He  failed  to  infect  Isidora  forskali,  Ehrn. 
and  Physa  waterloti,  Germain. 
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Here,  too,  I feel  quite  satisfied  that  many  of  the  reports  dealing' 
with  the  rearing;  of  adults  of  S.  haematobium  in  animals  other  than 
monkeys  are  by  no  means  conclusive.  It  is  perhaps  not  without 
significance  to  note  that  in  the  guinea-pig,  the  rats,  and  the  hedgehog, 
there  was  no  involvement  of  the  urinary  bladder,  a phenomenon 
usually  observed  with  S.  burls  and  S.  mattheei , which  both  produce 
terminal-spined  eggs.  S.  hurts  is  morphologically,  according  to 
Leiper  (1923),  closely  related  to  S.  haematobium.  This  is  borne  out 
by  Khalil’s  description  of  the  female  of  S.  hovis.  S.  mattheei  is 
distinguished  from  S.  bur  is  in  that  the  female  of  the  former  has  the 
vitelline  glands  limited  to  the  posterior  half  of  her  body,  while  in 
S.  bur  is  and  S.  haematobium  they  are  limited  to  the  posterior  quarter 
of  the  body.  S.  buris  may  therefore  be  readily  mistaken  for  .S',  haema- 
tobium. Further  experiments  are  necessary  to  prove  that  cercariae 
of  S.  haematubium  can  be  reared  to  the  adult  stage  in  the  animals 
claimed  to  have  been  infected.  To  prove  this  beyond  doubt,  it  would 
be  imperative  that  the  experimental  snails  be  bred  in  captivity  so 
as  to  exclude  any  possible  infection  with  other  mammalian  blood- 
flukes. 

I do  not  doubt  the  possibility  of  rearing  this  human  blood-fluke 
in  mammals  other  than  monkeys,  but  evidence  is  wanting. 

In  the  cases  where  I subjected  sheep  and  guinea-pigs  to  supposed 
S.  haematubi u m cercariae,  there  is  evidence  that  development  did 
proceed  up  to  a certain  point.  In  Glisson’s  capsule  there  were  areas 
showing  cellular  infiltrations  similar  to  those  seen  in  guinea-pigs 
and  sheep  infected  with  S.  mattheei.  The  lungs,  too,  showed  foci 
consisting  of  cellular  accumulations.  In  the  centres  of  some  of  these 
foci  appeared  an  amorphous  mass  suggesting  dead  cercariae  or  young 
schistosomes.  These  lesions  were  observed  in  sheep  autopsied  on  the 
fiftieth  day  after  infection  through  the  skin. 

“SCHISTOSOMA  MATTHEEI”  VECLIA  AND  LE  ROUX  1929. 

Since  the  invertebrate  hosts  of  the  human  blood-flukes  are  known, 
it  was  expected  that  one  of  them  must  be  responsible  for  the  trans- 
mission of  S.  matthei. 

Dr.  Y eglia  visited  the  endemic  area,  but  he  arrived  there  to  find 
the  rivers  and  the  vleis  (marshes)  in  flood.  His  search  for  snails  was 
futile.  Shortly  after  this  he  left  the  ( iovernment  service  and  the 
rest  of  the  investigation  was  entrusted  to  me.  The  endemic  area  was 
visited,  but  once  more  rain  and  extreme  cold  weather  rendered  the 
search  for  live  snails  of  the  genus  Ph  t/sopsis  futile.  The  presence  of 
a few  empty  shells  proved  the  presence  of  Physopsis  afiicana  var. 
(jlobosa.  Leaves  of  Nympheae  stellata  were  examined  for  speci- 
mens, but  only  specimens  of  I/ymnaea  natal ensis  were  recovered. 
They  proved  non-infected  with  mammalian  schistosome  cercariae.  The 
farm  was  next  visited  in  summer,  when  numerous  specimens  of 
P.  afncaua  var.  (jlobosa  were  collected  from  the  under-surface  of  the 
leaves  of  the  blue  lotus.  The  first  snail  that  was  examined  proved  to 
be  infected  with  a mammalian  schistosome  cercariae.  Fifty  specimens 
were  examined,  and  of  these  forty-five  were  infected.  Only  the  larger 
specimens  yielded  cercariae.  Infected  snails  could  be  readily  picked 
out  owing  to  the  abnormally  pale  colour  of  the  invaded  liver.  Snails 
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were  collected  for  experimental  work  at  Onderstepoort,  but  very  few 
arrived  alive  at  Pretoria.  With  the  cercariae  from  these  snails  I 
infected  three  rats,  four  guinea-pigs,  and  two  young  lambs.  Tbe 
animals  were  born  and  reared  on  tbe  station,  and  were  therefore  free 
of  schistosome  infection.  The  rats  and  guinea-pigs  were  killed  at 
varying  intervals  between  the  fiftieth  and  sixtietli  days,  and  in 
every  case  there  were  recovered  schistosomes  indistinguishable,  except 
for  size,  from  those  parasitizing  the  sheep  in  the  endemic  area.  The 
sheep  were  passing  eggs  from  the  fiftieth  day  after  infection.  The 
one  animal  was  killed  for  autopsy  six  months  later,  and  was  found 
heavily  infected  with  the  identical  species  from  Humansdorp. 

THE  CEP  (’APIA  OF  SCHISTOSOMA  MATTHEEI. 

The  study  of  the  morphology  of  the  cercariae  from  Physopsis 
africana  var.  globosa  shows  that  the  integument  is  armed  with  spines. 
In  this  respect  it  differs  from  Cercaria  octadenn  Faust  1921,  that  is 
regarded  as  the  larval  stage  of  S.  bovis.  The  flame  cells  are  arranged 
as  described  for  S.  haematobium . In  preserved  specimens  the  body 
measures  160/4  to  260/4  in  length  by  65/x  to  80/x  in  diameter.  The 
trunk  of  the  tail  varies  in  length  between  180/4  to  280y  and  has  a 
width  of  38/4  to  42y.  The  find  measures  from  80/4  to  120/4.  The 
dimensions  of  the  anterior  suckers  were  56/4  to  80/4  by  40/4  to  46/4. 
The  cephalic  secretory  glands  numbered  four  (two  pairs  are  acido- 
philic, while  the  remaining  pairs  are  basophilic).  In  this  respect  the 
cercaria  resembles  C . octadena , with  which  it  may  be  identical  except 
for  the  presence  of  the  cuticnlar  spines. 

Leiper  (1915)  considers  that  animal  experiment  gave  the  most 
satisfactory  differentiation  between  tbe  two  species  S.  haematobium 
and  S.  mansoni.  This  is  undoubtedly  a more  satisfactory  and  sure 
means  of  differentiating  between  species  than  the  more  laborious 
method  of  differentiating  morphologically.  Blacklock  (1925),  com- 
menting on  the  identification  of  schistosome  cercariae,  writes:  “ It 
would  be  a great  advantage  to  discover  some  quicker  way  of  proving 
a snail  to  be  a carrier  of'  S.  haematobium  infection  than  the  method 
of  animal  experiment,  and  it  is  possible  that  some  such  method  may 
vet  be  found;  owing  to  the  morphological  resemblances  of  Schisto- 
some cercariae,  it  does  not  seem  that  diagnosis  by  this  stage  is 
reliable.  . . .”  “ Attraction  of  miracidia  to  snails  does  not  appear 

accurate,  nor  does  the  subsequent  recovery  from  the  snail  of  ‘ typical 
S.  haematobium  cercariae  ’ until  we  know  what  does  indeed  con- 
stitute such.” 

The  development  of  the  miracidium  to  a cercaria  in  the  digestive 
gland  of  the  snail  is  not  unlike  that  described  for  other  schistosomes 
(the  miracidium  — >■  sporocyst  — >•  daughter  sporocysts  — cercariae 
which  penetrate  the  skin  or  buccal  mucosa  of  the  definitive  host). 

While  experimenting  with  fresh-water  snails  and  the  newly 
batched  miracidia,  it  was  found  that  the  latter  are  attracted  by 
P . africana  var.  globosa,  Lymnaea  natalensis,  and  a species  of 
Bulinus,  but  not  in  tbe  least  by  Planorbis  pfeijferi.  The  cercariae 
would  attach  to  the  foot,  head,  and  the  antennae  of  the  three  first- 
mentioned  snails,  but  were  never  observed  to  penetrate  into  these 
parts,  even  after  having  been  attached  for  fully  quarter  of  an  hour. 
The  normal  route  of  infection  seems  to  be  via  tbe  respiratory  tract. 


412 


r.  L.  LE  ROUX. 


If  a snail  is  watched  in  the  presence  of  a few  attacking  miracidia,  it 
will  be  observed  that  those  drawn  into  the  pulmonary  cavity  with  the 
inrushing'  water  are  hardly  ever  returned.  By  counting  the  cercariae 
in  a dish  of  water  and  then  watching  the  snail,  which  has  been 
dropped  in,  it  was  found  that  all  the  miracidia  disappeared  into  the 
pulmonary  cavity.  When  different  snails  were  simultaneously  added, 
the  miracidia  seemed  to  show  a slight  preference  for  Physopsis  and 
a decided  preference  for  the  larger  snails.  Hitherto  it  has  only  been 
possible  to  rear  the  miracidia  to  the  cercarial  stage  in  Physopsis,  and 
this  was  only  successful  after  repeated  attempts.  Most  of  the  snails 
would  die  within  a week  after  subjection  to  infection.  At  first  the 
controls  could  not  be  kept  alive  for  more  than  four  weeks.  Physopsis 
is  not  easily  kept  alive  under  the  conditions  here.  By  continually 
adding  leaves  of  the  blue  lotus  they  seem  to  do  much  better. 

The  other  snails  (. Lymnaea  natal  ens  is,  Bulinus  sp.,  and  Planorbis 
Pfeifit  *ri)  bred  well  in  captivity. 

BIONOMICS  OF  P.  AFRICAN  A VAR.  GLOBOSA  IN 
THE  ENDEMIC  AREA. 

Blacklock  and  Thompson  (1924)  remark  that  Physopsis  c.f. 
ylohosa  Morelet  was  found  “ in  waters  which  lay  or  ran  slowly  on 
a muddy  bottom,  where  weeds  or  grass  grew  in  the  water,  and  under 
high  or  low  shade.”  At  Humansdorp  this  species  was  found  in  locali- 
ties where  the  river  had  overflowed  and  had  formed  pools  oft  its  main 
course  or  where  the  main  course  had  been  dammed  up.  1 can  confirm 
the  observations  of  the  two  workers,  quoted  above,  except  that  as 
regards  sliacfe  the  opposite  was  the  case  with  the  carrier  of  S.  mattheei. 
Local  climatic  conditions  may  account  for  this  variation.  Humans- 
dorp is  situated  about  fifty  miles  south-west  of  Port  Elizabeth  and 
the  average  temperature  is  undoubtedly  below  that  of  Sierra  Leone. 
At  Humansdorp  the  snails  were  most  numerous  on  the  under-surface 
of  the  leaves  of  the  blue  lotus  growing  in  direct  sunlight  and  where 
the  bottom  of  the  pool  was  covered  with  decomposing  vegetable 
matter  mixed  with  mud.  The  snails  seem  to  favour  those  pools  where 
the  depth  of  the  water  varies  between  three  and  four  feet. 


CAN  SCHISTOSOMA  MATTHEEI  INFECT  MAN? 


Judging  from  the  fact  that  the  pool  responsible  for  the  infection 
of  the  sheep  is  used  by  man  and  beast  alike,  it  is  only  natural  to 
assume  that  if  man  could  be  infected,  the  human  beings  on  the  farm 
should  have  been.  Both  urine  and  faeces  were  examined  with  nega- 
tive results.  The  infected  pool  is  about  two  miles  long,  but  only 
about  twenty  yards  wide  and,  except  at  the  one  end,  very  deep. 

On  my  second  visit  there  I suggested  bathing  in  that  portion 
where  there  were  no  snails,  but  the  young  fellows  assured  me  that 
my  skin  would  “ burn  ” for  hours  if  I did.  This,  they  informed 
me,  was  especially  the  case  towards  the  end  of  summer.  I next  tried 
to  get  them  to  have  all  the  lotus  leaves  removed  so  that  I could  test 
the  effect  of  copper  sulphate  on  the  snails.  They  could  not  bo  per- 
suaded to  enter  the  water.  Two  young  natives  (ages  about  1G  and  19) 
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were  engaged  to  clear  the  portion  measuring  about  twenty  yards  by 
twenty-five  yards.  After  having  been  at  it  for  two  hours,  they  were 
continually  scratching  the  more  tender  parts  of  their  bodies.  Needless 
to  say,  they  never  cleared  the  pool.  Their  faeces  and  urine  were 
examined  the  next  day,  two  months  and  three  months  later,  hut 
always  with  negative  results.  Although  these  findings  are  perhaps 
by  no  means  conclusive,  they  seem  to  disprove  the  possibility  of  man 
normally  functioning  as  a definitive  host  for  S.  mattheei.  At  first  I 
was  inclined  to  suspect  this  parasite  as  responsible  for  those  cases  of 
intestinal  schistosomiasis,  without  cystic  implication,  associated  with 
terminal-snined  eggs  as  recorded  from  Central  Africa,  hut  my  observa- 
tions m Humansdorp  seem  to  disprove  this  possibility. 

rt  is  undoubtedly  noteworthy  that,  although  vesicular  schistoso- 
miasis has  been  known  in  Port  Elizabetli  for  over  half  a century 
[Ha  rley  (1804)  records  the  first  cases],  the  infection  has  never  spread 
to  Humansdorp.  Dr.  Wentzel,  a retired  medical  practitioner, 
informed  me  that  lie  had  never  met  with  a single  case  locally. 

Schistosomiasis  is  by  no  means  as  widespread  in  the  ('ape  Province 
as  suggested  by  the  chart  (Fig.  584)  published  in  Byam  and  Archi- 
bald. That  chart  is  a mis, statement  of  facts.  Judging  from  the 
public  interest  shown  in  the  schistosomiasis  question,  the  disease  is 
probably  not  as  widespread  as  some  would  have  us  believe.  The 
disease  seems  localized  to  certain  well-defined  areas. 

THE  ACTION  OF  TARTAR  EMETIC,  EMETINE  HYDRO- 
CHLORIDE AND  SB.  212  ON  “ SCHISTOSOMA  MATTHEEI  ” 
IN  THE  MERINO. 

This  is  a preliminary  communication  on  the  results  obtained 
with  certain  chemicals  against  a schistosome  infesting  sheep  and 
cattle  in  the  Cape  Province. 

Literature  dealing  with  the  treatment  of  schistosomiasis  in  sheep 
is  apparently  non-existent.  Fairley  (1924  and  1926)  reports  on  his 
results  with  tartar  emetic  and  emetine  hydrochloride  against  Schisto- 
soma spindalis,  Montgomery  1906,  in  goats.  These  goats  were  experi- 
mentally infected.  He  records  that  tartar  emetic,  administered 
intravenously  in  doses  of  3.9  to  5.5  mg.  per  kg.  body  weight  and 
continued  daily  for  sixteen  to  twenty-six  days,  is  capable  of  curing 
S.  spindalis  in  goats.  Emetine  hydrochloride  was  found  to  be  effective 
when  administered  in  doses  of  0.7  to  1 mg.  per  kilogram  body  weight, 
and  continued  daily  for  ten  to  fifteen  days.  He  observes  that  this  drug- 
proved  to  be  quite  as  specific  as  tartar  emetic,  but  is  more  toxic  to 
the  host. 

The  literature  treating  with  (he  curative  effects  of  tartar  emetic 
and  emetine  hydrochloride  in  human  cases  is  voluminous.  Each 
drug  has  its  champions.  Fairley  (1926),  in  a concise  but  comprehen- 
sive summary,  enumerates  the  findings  recorded  by  various  workers. 

In  the  discussion  which  followed  Fairley’s  paper  (1926),  several 
of  the  pioneers  in  the  campaign  against  schistosomiasis  stated  their 
views.  Christopherson , a great  believer  in  tartar  emetic,  expressed 
the  opinion  that  emetine  hydrochloride  is  neither  as  efficacious  nor 
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ns  safe  as  tartar  emetic,  and  that  schistosomes  may  become  “ fast 
or  “ tolerant  ” to  either  of  these  drugs.  lie  next  remarked  that 
Fairley  did  not  mention  the  direct  action  of  tartar  emetic  and  emetine 
on  the  eggs  in  the  tissues,  though  he  (Fairley)  indicates  that  there  is 
an  indirect  action  through  the  females.  Christopherson  concluded  by 
stating  that  tartar  emetic  acts  directly  on  the  parasite  and  not 
indirectly  through  the  tissues  of  the  host,  as  Fairley  is  inclined  to 
conclude  from  his  experiments  with  tartar  emetic  and  emetine  hydro- 
chloride on  schistosome  cercariae  in  vitro. 

Day  followed  and  observed  that,  weight  for  weight,  boys  required 
larger  doses  than  adults.  The  next  speaker  was  Hudson,  who  wanted 
to  know  whether  eosinophilia  would  not  be  a more  suitable  clinical 
test  than  the  complement  fixation  reaction,  advocated  by  Fairley. 
Low  referred  to  the  fact  that  Fairley  found,  in  treated  animals,  males 
with  the  females  absent  or  reduced  in  numbers,  and  concluded  that 
some  of  the  clinically  cured  human  cases  might  still  harbour  males. 
He  concluded  by  pointing  out  the  importance  of  antimony  in  Tropical 
Medicine,  where  its  compounds  are  to-day  utilized  for  curing  schisto- 
somiasis, trypanosomiasis,  hala-azar , and  ulcerating  granuloma. 

Clayton  Lane  observed  that  Fairley’s  findings  indicated  that,  as 
with  quinine  and  the  malaria  parasites,  it  was  not  the  drug  which 
killed  the  parasites,  but  a derivative  of  it  formed  in  the  body  of  the 
host.  Wenyon  was  not  prepared  to  accept  Fairley’s  conclusions  as 
regards  the  indirect  action  of  the  drugs,  and  rightly  suggested  that 
the  serum  of  an  animal  which  had  been  treated  should  be  compared 
with  normal  serum  as  regards  its  lethal  properties  on  cercariae  in 
vitro.  Manson-Bahr  concluded  the  discussion  by  stating  that  he  had 
found  Yon  Heyden  “471  " valuable  in  kala-azar,  but  quite  useless 
against  schistosomiasis. 

That  the  antimony  compounds  do  act  indirectly  on  the  schisto- 
somes cannot  be  wholly  denied  and  is  evidently  not  without  a parallel 
in  helminthology.  The  action  of  carbon  tetrachloride  on  the  members 
of  the  genus  Fasciola  seems  to  he  indirect.  It  is  now  generally 
accepted  that  this  drug  has  no  action  on  the  immature  flukes  located 
outside  the  lumen  of  the  bile-ducts.  While  testing  carbon  tetra- 
chloride against  the  common  liver-fluke  of  sheep  in  the  eastern 
Transvaal  in  1926,  I observed  that  the  flukes,  collected  from  the  gall- 
bladder and  the  bile-ducts  twenty  hours  after  the  administration  of 
the  drug,  appeared  with  the  posterior  portions  of  their  bodies 
necrosed.  The  tissues  in  the  immediate  neighbourhood  of  the  suckers 
appeared  apparently  normal  (Fig.  I).  It  was  undoubtedly  (lie 
degenerative  changes  in  the  cuticle  and  the  posterior  portion  of  (lie 
body  that  rendered  the  cuticular  spines  functionless  and  led  to  the 
expulsion  of  the  parasites.  Liver-flukes  were  then  collected  from 
sheep  at  the  municipal  abattoir  at  Ermelo  and  dropped  into  pure 
carbon  tetrachloride  and  others  into  a mixture  of  this  chemical  and 
raw  linseed-oil.  They  were  kept  in  these  fluids  for  twenty  hours 
without  showing  the  changes  observed  in  vivo.  This,  together  with 
the  fact  that  immature  flukes  escaped,  seems  to  indicate  that  carbon 
tetrachloride  acts  indirectly  on  Fasciola , and  that  the  compound 
responsible  for  the  death  of  the  parasite  is  formed  after  the  drug 
reaches  the  bile-ducts. 
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With  an  increased  dose  (the  dose  required  to  kill  liver-flukes  is 
1 c.c.  of  carbon  tetrachloride)  the  degenerative  changes  were  more 
marked  after  twenty  hours  than  with  the  minimum  dose. 

Some  authors  have  attributed  the  fatality  following  the  use  of 
carbon  tetrachloride  in  infected  animals  to  toxins  liberated  by  the 
decomposing  flukes.  Experiments  at  Onderstepoort  have  shown  that 
young  cattle  in  good  condition  and  free  of  fluke  infection  are  very 
susceptible  to  carbon  tetrachloride  and  could  be  poisoned  by  a dose 
(10  c.c.)  which  produced  no  visible  ill-effects  in  old  Merino  ewes  which 
wTere  badly  infected  with  flukes. 

Minot  (1927)  has  suggested  that  the  lack  of  calcium  in  an  animal’s 
body  may  increase  the  toxicity  of  the  drug.  Certain  workers  on  the 
mineral  requirements  of  the  animal  body  claim  to  have  proved  that 
the  presence  of  magnesium  has  an  influence  on  the  calcium  meta- 
bolism. This  may  explain  the  apparent  decrease  in  the  toxicity  of 
carbon  tetrachloride  when  magnesium  sulphate  is  administered  simul- 
taneously with  the  drug. 

The  failure  of  male-fern  preparations  to  kill  the  immature  flukes 
which  are  still  located  in  the  liver  tissue  outside  the  bile-ducts 
suggests  that  the  active  principle  of  these  drugs  acts  indirectly. 

THE  INFLUENCE  OF  TART  AH  EMETIC  ON  THE 
SCHISTOSOMES  IN  VIVO. 

Two  sheep,  in  poor  condition  and  weighing  39  and  43  pounds 
respectively,  received  intrajugularly  36  grains  of  tartar  emetic.  Each 
animal  received  4 c.c.  of  a 6 per  cent,  solution  every  other  day. 
Wh  en  the  day  for  injection  fell  on  a Sunday,  the  dose  was  adminis- 
tered on  the  Monday.  The  first  dose  was  received  on  the  23rd  April, 
1928,  and  the  last  one  on  the  9th  May,  1928.  One  animal  was  killed 
on  the  28th  May,  1928,  for  autopsy  and  showed  a few  very  small 
schistosomes,  in  pairs  and  singly,  in  the  smaller  veins  of  the  mesen- 
tery. A few  were  also  collected  from  the  hepatic  ramifications  of 
the  portal  vein,  the  right  ventricle,  and  the  pulmonary  arteries  and 
their  branches. 

Emboli  containing  dead  parasites  were  numerous  in  the  ramifica- 
tions of  the  portal  vein  in  a markedly  cirrhotic  and  pigmented  liver. 
Emboli,  caused  by  the  arrest  of  dead  schistosomes  in  the  smaller 
branches  of  the  pulmonary  arteries,  were  frequent  in  both  lungs. 
Males  and  females  were  present  in  equal  numbers.  The  females, 
being  dark  in  colour  and  thinner  than  the  males,  had  to  be  specially 
looked  for. 

The  effect  of  tartar  emetic  in  influencing  the  habitat  of  this 
schistosome  has  been  stressed  in  another  publication  (Le  Roux,  1929). 

SOMATIC  CHANGES  OBSERVED  IN  SCHISTOSOMES  SUB- 
JECTED TO  THE  ACTION  OF  TARTAR  EMETIC  IN  VIVO. 

I have  been  unable  to  trace  any  communication  recording  somatic 
changes  in  schistosomes  subjected  to  the  lethal  action  of  either  tartar 
emetic,  emetine  hydrochloride,  emetine  periodide,  Sb.  212,  carbon 
tetrachloride,  or  any  other  drugs.  The  presence  of  deformed  eggs 
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in  utero  lias  been  recorded  from  females  that  had  been  subjected  to 
drugs  injurious  to  schistosomes. 

The  microscopic  examination  of  specimens,  recovered  from  the 
treated  sheep,  showed  marked  somatic  changes  from  the  normal.  The 
parasites  were  much  shrunken  both  in  length  and  in  breadth.  The 
length  was  reduced  to  approximately  one-fourth  of  the  normal.  The 
intestinal  caeca,  in  the  male,  presented  a most  tortuous  course,  indi- 
cating that  shrinkage  in  the  length  of  the  gut  was  not  proportional 
to  that  manifested  by  the  body.  This  latter  phenomenon  was  even 
more  pronounced  in  the  dead  specimens  arrested  in  the  liver  and 
in  the  lungs. 

The  testes  were  reduced  in  size  and  their  contents  were  more 
translucent  than  normally. 

The  muscular  layers  of  the  body  were  reduced  in  depth. 

The  microscopical  examination  of  the  females  revealed  con- 
spicuous changes  in  the  genital  organs.  The  uterus  contained  either 
no  eggs,  or  only  a few.  The  egg's  present  were  almost  invariably 
reduced  in  size  and  with  the  spine  abnormally  shaped  (Figs.  37,  38, 
39,  and  40).  The  ovary  was  decreased  in  size,  and  its  contents 
abnormally  translucent.  The  common  intestinal  caecum,  empty  and 
tortuous,  was  surrounded  by  vitelline  glands  which  were  no  longer 
of  that  characteristic  dark  colour  as  seen  in  the  normal  parasite. 

THE  ACTION  OF  TARTAR  EMETIC  ON  THE  OVA 
IN  VIVO. 

Christopherson’s  view  has  been  stated.  It  has  its  supporters  and 
its  opponents.  Neither  group  has  proved  its  case  beyond  dispute. 
Much  more  experimental  work  is  to  be  undertaken  to  prove  or  dis- 
prove either  the  one  or  the  other  view  held.  Before  their  hypothesis 
can  be  accepted  as  proved  Christopherson  and  his  supporters  will  have 
to  ascertain  the  time  required  by  the  egg  to  reach  the  lumen  of  the 
organ  in  the  wall  of  which  it  was  deposited. 

Maciel  (1926)  records  that  the  eggs  of  S.  mansoni  are  passed  out 
of  the  body  normally  within  twenty-four  hours  of  being  laid.  He 
further  observes  that  a low  barometric  pressure  increases  the  egg 
output.  He  attributes  this  increase  to  influence  on  the  worm.  There 
is  no  proof  that  the  female  is  induced  to  lay  more  eggs.  The  passage 
of  the  ova  through  the  tissues  is  more  probably  affected. 

The  faeces  of  the  autopsied  sheep  yielded  live  miracidia  up  to 
the  time  of  killing.  From  the  fifteenth  day  after  treatment  there 
was  a most  marked  decrease  in  the  amount  of  bloodstained  mucus 
passed.  When  the  animal  was  autopsied  there  were  still  eggs,  con- 
taining live  miracidia,  present  in  the  mucosal  scrapings.  There  was 
a most  significant  decrease  in  the  number  of  eggs  present  in  the  faeces. 
The  other  sheep  passed  no  live  eggs  after  the  fifth  week. 

EMETINE  HYDROCHLORIDE  AND  SB.  212. 

Emetine  hydrochloride  was  administered  as  recommended  for 
goats  by  Fairley  (1926).  The  results  on  the  two  animals  used  were 
most  disappointing.  The  presence  of  schistosomes,  slightly  reduced 
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in  size,  in  the  lung’s  of  the  animal  killed  a month  later  proves  that  it 
had  some  effect.  The  second  sheep  was  killed  four  months  later  and 
normal  schistosomes  were  recovered. 

The  price  of'  this  drug  will  limit  its  use  in  the  control  of  schisto- 
somiasis in  domestic  stock. 

Sb.  212  was  tried  in  double  the  dose  recommended  by  Khalil  for 
humans.  The  results  were  even  more  disappointing  than  with  emetine 
hydrochloride.  No  other  drugs  have  been  tried  to  date. 

The  two  last-mentioned  drugs  can  be  administered  subcutaneously 
or  intramuscularly  without  ill-effects,  as  has  been  proved  by  experi- 
ments on  normally  healthy  sheep. 

Excessive  doses  of  emetine  hydrochloride  caused  a marked 
hyperaemia  of  the  membranes  of  the  mouth,  pharynx,  and  larynx. 
On  continuing  the  dose,  the  hyperaemia  was  followed  by  oedema  and 
ultimately  ulcerations  and  necroses  of  the  mucosa  of  the  parts  men- 
tioned above.  These  lesions  were  accompanied  by  similar  lesions  of 
the  mucosa  of  the  oesophagus,  rumen,  reticulum  omasum,  abomasum , 
and  the  small  intestine.  The  two  last  mentioned  were  badly  affected. 
Degenerative  changes  were  present  in  the  liver. 

THE  QUANTITY  OF  TARTAR  EMETIC  REQUIRED  TO 
EFFECT  A CURE  IN  INDIVIDUAL  CASES. 

it  has  been  repeatedly  stated  that,  weight  for  weight,  boys  require 
more  than  adults.  This  may  be  due  to  (i)  the  absence  in  boys  of  a 
substance  which  interacts  with  the  drug  and  forms  a compound  or 
compounds  lethal  to  schistosomes;  that  the  drug  may  indirectly  affect 
the  parasites  seems  quite  probable;  and  (ii)  the  reduced  concentration 
of  the  drug  in  the  circulation. 

It  seems  quite  logical  to  expect  that  the  minimum  amount 
required  to  kill  the  parasites  in  an  adult  will  also  be  the  minimum 
lethal  dose  for  those  parasitizing  children. 

In  Byam  and  Archibald  (1923)  the  treatment  recommended  for 
humans  consists  of  two  courses  with  an  interval  of  seven  days  between 
them.  Each  course  consists  of  a series  of  five  intravenous  injections, 
one  being  given  every  second  day.  According  to  them,  adults  will 
have  received  18.5  grains  and  boys  about  13  grains  of  tartar  emetic 
at  the  end  of  the  second  course.  Khalil  (192(1)  gives  three  injections 
per  week  for  three  weeks.  The  tartar  emetic  is  given  in  a 6 per  cent, 
solution  (1  c.c.  of  this  solution  contains  about  1 grain  of  the  drug). 
His  first  dose  is  0.5  c.c.  This  is  increased  to  1 and  1.5  c.c.  for  the 
second  and  third  doses  respectively.  For  the  rest  of  the  course  the 
dose  is  2 c.c. 

Khalil’s  system  is  much  preferable  to  that  recommended  in  Byam 
and  Archibald  (1923).  The  interval  of  seven  days  undoubtedly  favours 
the  survival  of  parasites. 

Khalil  found  sodium  antimony  tartrate  as  efficient  as  tartar 
emetic.  This  salt  is  more  expensive  and  much  less  stable  than  the 
latter.  He  also  tried  Sb.  212,  and  recommends  it  for  children  and 
fat  individuals  where  intravenous  injections  are  not  advisable,  but 
where  intramuscular  injections  are  more  practical.  This  drug  has 
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been  used  on  sheep  in  the  Held  and  had,  according  to  the  farmer, 
beneficial  effects.  My  experiments  at  tins  Institute  did  not  verify 
this.  It  must  be  stated,  though,  that  the  worse  affected  animals  were 
bought  for  experimentation. 

The  Sh.  212  used  had  been  in  store  for  over  two  years,  and 
several  of  the  bottles  showed  that  the  salt  had  changed  to  a partly 
insoluble  mixture.  On  dissolving  it  in  water  a reddish  deposit  was 
precipitated. 

THE  TECHNIQUE  EMPLOYED  FOE  INTRAVENOUS 
ADMINISTRATION  OF  TARTAR  EMETIC  IN  SHEEP. 

The  sheep  to  be  treated  are  removed  from  the  general  flock  and 
the  wool  clipped  off  the  right  side  of  the  neck.  The  wool  is  closely 
clipped  over  the  course  of  the  jugular  vein.  This  is  best  accomplished 
with  curved  scissors. 

The  following  morning  the  first  injections  are  given  and  repeated 
every  other  day.  The  first  injection  of  2 c.e.  of  a 6 per  cent,  solution 
is  followed  by  a second  of  3 c.c.  and  a third  of  4 e.c.,  which  is  con- 
tinued until  the  tenth  injection  has  been  given.  The  6 per  cent, 
tartar  emetic  should  be  freshly  prepared  every  time  and  sterilized 
by  boiling  for  a few  minutes.  By  using  freshly  prepared  solutions 
hardly  any  oedema  develops  at  the  site  of  inoculation,  and  the  ten 
injections  can  be  administered  on  the  same  side.  Where  several  sheep 
are  to  be  inoculated,  it  is  advisable  to  use  a 20  c.c.  syringe  and  to 
have  the  solution  ready  in  bottles  holding  100  c.c.  each.  A few  spare 
sterilized  syringes  and  a needle  for  every  five  sheep  should  be  at  hand. 

For  controlling  the  animal  on  its  side  on  the  ground,  two 
assistants  are  required.  One  holds  the  animal’s  feet  and  the  other 
presses  on  the  jugular  vein  at  the  base  of  the  neck  and  holds  the 
syringe  while  the  needle  is  inserted.  The  animal’s  head  and  neck  are 
controlled  by  the  right  knee  and  the  left  foot  of  the  operator  kneeling 
at  its  side.  The  light  knee  is  placed  behind  the  animal’s  neck  and 
the  heel  of’  the  left  foot  pushed  against  the  jaw  holds  the  head 
extended  in  a straight  line  with  the  neck.  The  needle  is  inserted  into 
the  distended  vein,  and  as  soon  as  blood  flows  from  il  the  syringe 
is  connected,  the  assistant  releases  his  hold  on  the  vein,  (he  required 
amount  of  solution  is  injected,  and  the  sheep  is  released  to  wander 
off  at  ease. 

With  willing  assistants  it  is  possible  to  do  at  least  eighty  or  more 
sheep  an  hour. 

When  emetine  hydrochloride  is  used  intramuscularly,  it  is  best 
administered  into  the  muscles  of  the  thigh.  A much  thinner  needle 
is  now  used.  The  selected  limb  should  be  firmly  held  during  the 
operat  ion . 

These  operations  should,  for  preference,  never  be  attempted  in 
I he  kraal  or  shed  as  is  commonly  met  wit  h in  South  Africa.  When 
the  operation  is  performed  in  a kraal  or  near  it,  there  is  a great  risk 
of  inoculating  the  animals  with  virulent  gas-gangrene  producing 
organisms. 

Prior  to  the  operation,  the  site  of  inoculation  is  rubbed  with 
cotton  wool  soaked  in  5 per  cent,  carbolic  acid  in  soft  water. 
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OBSERVATIONS  ON  THE  CONTROL  OF  SCHISTOSOMIASIS 
IN  MAN  AND  ANIMAL. 

Within  tlie  last  fifty  years  the  life-cycles  of  at  least  twenty 
trematodes  parasitizing  man  and  his  domestic  mammals  and  birds 
have  been  determined.  The  life-cycles  of  seventeen  species  have  been 
determined  since  1915. 

Various  authors,  bearing  in  mind  these  findings,  have  hypothe- 
cated measures  for  the  control  and  the  eradication  of  trematode 
diseases.  Some  of  the  measures  suggested  have  evidently  never  been 
put  to  the  test;  at  least,  there  are  no  records  of  their  successful 
application.  Others  seem  rather  impracticable  for  general  applica- 
tion. 

That  all  mammalian  schistosomes  require  molluscs  for  their 
successful  propagation  in  a given  locality  can  no  longer  be  disputed. 
It  is,  therefore,  evident  that  the  vulnerable  points  in  their  life-cycles, 
to  be  aimed  at,  are:  — 

(1)  The  adult  parasite,  which  may  be  successfully  exterminated 
by  irrigating  the  veins  of  the  infected  vertebrate  host  with 
tartar  emetic  or  any  other  drug  lethal  to  schistosomes. 

(2)  The  miracidia,  which  should  he  prevented  from  reaching 
its  hosts  by  preventing  infected  urinary  and  faecal  matter 
from  gaining  access  fo  the  snail-infested  waters. 

(3)  The  intermediate  host , which  can  be  eradicated  by  the 
administration  of  poisonous  substances  to  the  infested 
waters,  by  drying,  or  by  other  means. 

(4)  The  cercariae,  which  should  be  prevented  from  reaching  the 
definitive  host. 

(1)  THE  ERADICATION  OF  THE  ADULT  SCHISTOSOMES 
FROM  THE  DEFINITIVE  HOST. 

Although  MacDonagli  had  good  results  with  tartar  emetic  in  a 
few  cases  during  the  Boer  war,  he  only  published  his  findings,  to 
which  he  seemed  to  attach  little  importance,  in  1917.  To  Christo- 
pherson  (1917),  from  Khartoum,  is  due  the  credit  of  bringing  the  use 
of  tartar  emetic  to  the  notice  of  a world  clamouring  for  a specific 
cure  against  that  debilitating  disease  Schistosomiasis  (Vel  Bilhar- 
ziasis) . 

Hutchison  (1913)  was  evidently  the  first  to  note  the  efficacy  of 
emetine  hydrochloride  against  the  Eastern  schistosome  (S.  japoni- 
cum).  It  has  since  been  proved  lethal  to  other  schistosomes.  Most 
practitioners  seem  to  prefer  using  tartar  emetic  to  emetine  hydro- 
chloride, which  is  said  to  be  somewhat  toxic  to  the  host. 

Organic  compounds  of  antimony  have  been  experimented  with 
and  good  results  are  cl  aimed  for  Bayer  Sb.  212  (Khalil,  1926),  and 
Antimosan  [Orensfein  (1928),  Specht  (1926),  and  others].  Cawston 
(1929)  refers  to  Orenstein’s  findings,  and  expresses  the  view  that 
antimosan  is  likely  to  prove  as  disappointing  as  several  other  antimony 
preparations.  Khalil  (1926)  reports  favourably  on  the  use  of  sodium 
antimony  tartrate.  He  has  also  used  antimosan,  stibenyl,  and  urea 
stib amine,  but  refrains  from  drawing  conclusions.  Gordon  (1926) 
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reports  favourably  on  t lie  use  of  emetine  periodide  in  the  treatment 
of  S.  haematobium  infections  in  children.  This  is  a very  expensive 
and  rather  unstable  preparation. 

Tootell  (1923)  is  not  favourably  impressed  with  mercurochrome 
220  soluble.  Miyagawa  (1926)  lias  found  stibnal  and  “ neostibnal  ” 
effective  in  the  treatment  of  S.  japonicum.  Stibnal  is  evidently 
sodium  antimony  tartrate  and  is  acid  in  reaction,  while  the  “ neo- 
stibnal ” is  stibnal  rendered  slightly  alkaline. 

Cawston  (1928)  records  good  results  with  carbon  tetrachloride. 
1 have  tried  this  drug  on  infected  sheep,  but  without  success.  Shat- 
tuck  and  Willis  (1928)  report  that  antimony  sodium  thioglycollate  and 
antimony  thioglycollamide  had  favourable  effects  in  cases  of  urinary 
schistosomiasis.  They  claim  that  these  drugs  are  much  less  toxic  than 
tartar  emetic. 

Christopherson  (1928)  is  convinced  that  the  only  method  of  eradi- 
cating schistosomiasis  from  a given  locality  is  to  rid  both  snails  and 
humans  of  the  infection  by  irrigating  the  veins  of  the  definitive  host 
with  tartar  emetic.  He  observes  that  South  Africa  is  adopting  this 
line  of  action  by  treating  the  school  children  in  the  endemic  areas. 

(2)  PEE  VENTING  THE  MIRACTHIA  FROM  REACHING 
THEIR  HOSTS. 

Blacklock  (1925)  has  rightly  remarked  that  endemic  schistoso- 
miasis is  a sign  of  inadequate  education  in  hygienic  principles.  The 
same  holds  in  South  Africa,  where  the  insanitary  disposal  of  human 
excreta  is  also  responsible  for  the  prevalence  of  cysticercosis  in  cattle 
and  pigs.  Sanitation  in  some  of  our  villages  leaves  much  to  be 
desired . 

In  the  life-cycle  of  the  human  schistosomes  the  miracidia  can 
be  successfully  dealt  with.  In  domestic  stock  the  prevention  of  water- 
pollution  with  animal  excreta  would  not  be  so  easy.  On  some  farms 
there  are  only  a few  snail-infested  pools,  and  these  should  be  fenced 
off.  Municipalities  should  pass  by-laws  prohibiting  the  bathing  and 
fishing  in  streams  or  rivers  within  the  municipal  boundary.  The 
control  of  water-pollution  should  lie  more  strictly  conducted  than  is 
at  present  the  case. 

(3)  CONTROL  AND  ERADICATION  OF  THE 
INVERTEBRATE  H< )ST. 

Before  an  attack  on  the  snails  is  launched,  the  species  responsible 
for  the  transmission  of  the  worm  must  be  conclusively  proved,  or 
much  energy  and  money  may  be  wasted.  A careful  study  of  the 
bionomics  and  the  susceptibilities  of  the  intermediate  hosts  may 
suggest  the  means  by  which  they  can  be  most  readily  eradicated. 

Methods  which  have  been  suggested  for  the  eradication  of  snails 
are  : — 

(i)  The  Use  of  Chemicals  lethal  to  Fresh-water  Snails. 

Thomas  (1883)  suggests  dressing  the  ground  with  lime  or  salt, 
or  both,  to  destroy  the  snails  responsible  for  the  transmission  of 
F.  hepatica.  Leiper  (1915)  suggests  (lie  use  of  chemical  agents  such 
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as  ammonium  sulphate.  Chandler  (1920)  observes  that  one  part  of 
copper  sulphate  to  from  500,000  to  2,000,000  of  water  destroyed 
several  species  of  snails  within  two  days.  Leiper  (1922)  notes  that 
copper  sulphate  in  the  dilution  1 in  5,000,000  kills  Bulinus  contortus 
and  Planorbis  boissyi,  while  Lymnaea  truncatula  required  a dilution 
of  1 in  2,000,000.  Walton  and  Jones  (1925)  recommend  the  use  of 
copper  sulphate,  in  one-half  per  cent,  dilution,  against  Lymnaea 
trunculata.  They  did  not  find  ammonium  sulphate  as  effective. 

Other  chemicals  which  have  been  successfully  used  are  slaked 
lime  and  calcium  cyanamid  in  concentrations  of  0.1  per  cent.  Nagano 
(1926)  found  a 0.2  per  cent,  mixture  of  “ lime  nitrogen  ” efficacious 
against  snails  in  Japan.  Cawston  (1928  a)  states  that  the  plant 
Tephrosia  macropoda  is  highly  toxic  to  Physopsis  sp.  and  suggests 
that  it  should  he  utilized  for  eradicating  the  intermediate  hosts  of 
schistosomes.  In  a later  communication  he  states  that  the  active 
principle  of  the  plant  would  appear  to  he  about  a hundred  times  more 
toxic  than  copper  sulphate  is  for  Physopsis. 

I have  tried  copper  sulphate  in  a dilution  of  about  1 in  2,000,000 
on  Physopsis  africana  var.  mobosa  in  a pool,  and  it  killed  all  of  them 
in  eighteen  hours.  Thus  far  I have  invariably  found  Physopsis  in 
pools  and  backwaters  in  permanent  collections  of  water.  As  in  the 
Transvaal  these  collections  are  at  their  lowest  in  winter,  it  is  evident 
that  this  is  the  time  for  poisoning  the  snails.  At  Humansdorp  the 
flow  in  the  river  was  lowest  during  the  summer  (the  non-raining 
season).  The  non-rainy  season  should  he  selected  for  the  attack  on 
the  snails. 

(ii)  Subjecting  the  Snails  to  Sudden  Drying. 

Leiper  (1915)  suggests  killing  off  Bulinus  by  subjecting  it  to 
sudden  drying  in  the  irrigation  canals.  This  mode  of  killing  snails 
may  be  practical  in  irrigation  canals  in  Egypt,  but  cannot  he  utilized 
in  the  schistosome-infected  areas  of  the  Union.  Lymnaea  natalensis 
may  he  controlled  on  liver-fluke  infested  farms  by  draining  the 
marshy  pastures. 

(iii;  The  Keeping  of  Domestic  Ducks. 

Keatinge  recommends  the  keeping  of  flocks  of  domesticated  ducks 
for  eradicating  the  snails.  Cawston  claims  to  have  had  good  results 
with  ducks.  This  mode  of  snail  eradication  needs  closer  investigation. 
There  are  hardly  any  experiments  on  record  which  prove  the  use  of 
the  domestic  duck  as  a means  of  controlling  the  increase  of  the 
molluscs.  My  personal  experience  is  that  Lymnaea  natalensis • may 
flourish  in  the  pools  frequented  daily  by  ducks. 

(4)  THE  CERCARIAE  AND  THE  DEFINITIVE  HOST. 

All  pools  known  to  he  infested  with  schistosome  eercariae  should 
he  avoided.  In  the  case  of  the  animal  schistosomes,  the  pool  or  pools 
may  he  fenced  off.  If  theie  is  no  other  water  available  for  drinking 
the  stock,  the  water  in  one  or  more  of  the  pools  should  he  treated 
with  copper  sulphate  to  kill  the  intermediate  hosts  and  the  cycle  thus 
arrested. 
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According  to  Leiper  (1915),  the  cercariae  can  survive  for  only 
forty-eight  hours.  Where  water  is  pumped  from  infected  pools  into 
tanks,  it  should  not  he  used  for  two  days.  The  use  of  “ tabloids  ” 
of  sodium  bisulphate,  16  grains  to  a pint  of  water,  is  said  to  kill  off 
the  cercariae  and  renders  the  water  sate  for  human  consumption. 

The  campaign  against  schistosomiasis  must  be  conducted  ener- 
getically, and  both  the  definitive  and  the  intermediate  hosts  should 
receive  due  attention.  It  is  undoubtedly  a waste  of  public  funds  to 
treat  school  children  while  the  adults  and  the  molluscs  roam  about 
unattended.  Khalil  (1927)  records  the  successful  eradication  of 
bilharziasis  from  an  endemic  area  by  the  use  of  copper  sulphate. 

During  a recent  visit  by  some  northern  Transvaal  farmers  to 
this  Institution  it  became  evident  that  they  knew  little  about  the 
cause  and  prevention  of  urinary  schistosomiasis.  Most  of  them  had 
never  even  seen  the  snail  responsible  for  the  transimssion  of  S.  haema- 
tobium. Some  of'  them  questioned  me  for  quite  a time.  One  of  the 
more  elderly  men  ultimately  asked  me  whether  the  medical  practi- 
tioners did  not  know  “ all  about  it,”  or,  if  they  did,  why  they  did 
not  tell  them.  Some  of  my  experiences  with  medical  practitioners 
prove  that  the  farmer  had  reason  to  ask  that  question. 

The  endemic  areas  of  the  country  are  evidently  flooded  with 
leaflets  dealing  with  the  cause  and  spread  of  haematuria,  but  an 
ocular  demonstration  of  the  worms  will  impress  the  inhabitant  more 
than  the  leaflets.  The  farmers  should  be  made  to  realize  that  the 
present  insanitary  conditions  on  their  farms  leave  much  to  be 
desired.  The  following  quotation  from  a recent  Editorial  in  the 
Journal  of  the  Medical  Association  of  South  Africa  is  pertinent:  — 
“ W e have  tinkered  with  many  subjects — with  public  health,  medical 
supervision  of'  schools  and  scholars,  malaria  prevention,  medical 
service  for  rural  communities,  and  many  other  matters — but  we  have 
not  tackled  one  of’  these  with  energy,  foresight,  and  the  desire  to  make 
the  public  see  that  our  point  of  view  is,  after  all,  the  national  point 
of  view.  In  the  future  we  must  take  our  responsibilities  much  more 
seriously,  subscribing  to  Larrey’s  formula  that  ‘ a physician  is  a 
priest  who  should  preach  and  practise.’  ” 

The  same  writer  also  makes  the  statement:  “ It  has  been  said 
that  we  have  larger  sums  of  money  devoted  to  animal  research  than 
to  medical  research.” 

The  treatment  of'  school  children  will,  according  to  a recent 
newspaper  announcement,  be  continued  this  year,  but  let  us  hope 
that  due  attention  nil  I be  paid  to  file  native  and  the  snail. 

I was  recently  told  by  a gentleman  from  Zuluiand  that  the  charge 
for  the  course  of  treatment  for  schistosomiasis  is  £15.  This  is,  accord- 
ing to  the  Star  of  Johannesburg,  also  the  charge  in  some  parts  of  the 
Transvaal.  Very  few  of  the  poor  whites  can  afford  this,  especially 
when  they  have  more  than  one  child  infected.  According  to  some 
reports,  the  control  of  schistosomiasis  is  of  national  importance.  The 
disease  is  undoubtedly  on  the  spread.  This  spread  must  he  attributed 
to  the  movements  of  infected  humans. 

The  practice  of  trekking  with  sheep  about  the  country  in  times  of 
drought  has  been  forcibly  demonstrated  as  a means  of  disseminating 
helminths.  During  the  last  serious  drought  several  Hocks  wen*  grazed 
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in  the  endemic  area  in  the  Humansdorp  District.  Most  of  these  flocks, 
fortunately,  returned  to  areas  claimed  to  be  free  of  molluscs. 

THE  SOUTH  AFRICAN  FRESH-WATER  SNAILS  RESPON- 
SIBLE FOR  THE  SPREAD  OF  TREMATODE  DISEASES. 

Photographs  of  various  South  African  freshwater  molluscs  are 
included  for  the  information  of  those  interested.  I would  like  to 
point  out  that  the  distribution  of  molluscs  in  the  Union  of  South 
Africa  is  very  imperfectly  known  and  that  our  field  colleagues  can 
supply  much  of  the  information  wanted.  The  bionomics  of  the 
various  species  needs  further  study  and  should  receive  the  attention 
of  the  man  on  the  spot. 

Live  snails  may  be  forwarded  to  this  Laboratory  for  identification, 
by  animal  experimentation,  of  the  cercariae  present.  The  snails, 
packed  in  slightly  moist  water  plants,  travel  well  by  post  or  passenger 
train. 

The  species  photographed  are  named  as  identified  for  us.  It 
must  be  pointed  out  that  the  leading  malacologists  seem  unable  to 
reach  an  agreement  with  regard  to  the  nomenclature  and  the  definition 
of  the  genera  and  the  species.  Generic  names  of  African  molluscs 
such  as  Bulinus  and  Lymnaea  are  often  misspelt  as  Bullinus  and 
Limnaea.  Let  us  hope  that  the  malacologists  and  the  International 
Commission  of  Zoological  Nomenclature  will  soon  rectify  matters. 

The  freshwater  molluscs  of  South  Africa  need  revision  badly,  but 
such  revision  can  only  be  attempted  when  the  material  is  available. 
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Plate  I . 


Figs.  1 to  VJ II. — Schistosoma  haeviatobia  ova  from  the  urine  of  a human  in 
Pretoria,  Transvaal. 

Figs.  1 to  7. — Schistosoma  mattheei  ova  from  the  faeces  of  sheep  from 
Humansdorp,  Cape  Province. 
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LDgs.  1 to  6. 


Specimens  of  Physopsis  africana,  var.  cjlobosa  (Morelet),  from  Humansdorp, 
Cape  Province.  Magn.  13  X. 


Figs.  7 to  9 


Specimens  of  Physopsis  conic,  mn  from  the  Pretoria  District,  'I  ransvaal. 

Magn.  13  X. 
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Figs.  10  to  13. 

Specimens  of  Physo-psis  africana  (Krauss)  from  Natal.  Note  the 
difference  in  the  shape  of  Nos.  10  and  11  and  Nos.  12  and  13.  Magn.  l^X. 

Figs.  14  to  17. 

These  are  said  to  he  specimens  of  Bulinus  tropicus  (Krauss).  From 
the  Pretoria  District,  Transvaal.  Magn.  lj)X.  (See  Figs.  32  and  33.) 


Figs.  18  to  21. 


A fresh-water  snail  from  the  field  cornetcy  of  Goudini,  Worcester 
Cape  Province.  This  species  was  found  infected  with  cercariae  of 
Fasciola  and  Parainphistornum.  Mag.  1)  X. 
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Figs.  22  to  26. 


Immature  (?)  specimens  of  IJ ulinus  from  a vlei  near  Humansdorp. 

Mag.  li  X . 

Figs.  27  to  31. 


Specimens  of  Lymnaea  natalensis  (Krauss)  from  Humansdorp.  Magn.  l^X. 


Figs.  32  and  33. 


Specimens  of  Jiulinus  identified  as  11.  scb.arkoi  (Jickeli),  which  species  is 
according  to  Cawston  (1928),  identical  with  11.  tropicus,  11.  na t alensis,  11 
craveni,  and  11.  sericinus. 


Figs.  34  to  36. 

£ ^ $ 
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Specimens  of  Lymnaea  trancatula  (Midler),  a common  intermediate 
host  of  Fasciola  heputica  in  the  Western  Province,  Cape.  Magn.  I)X. 
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Figs.  37  to  40. 


Eggs  from  the  uterus  of  S.  mcittheei,  which  had  been 
subjected  to  tartar  emetic  in  vivo. 


Fig.  41. 


A specimen  of  Fasciola  hepatica  from  the  gall-bladder  of  a sheep 
treated  with  carbon  tetrachloride.  Note  the  degeneration  of  the 
posterior  three-quarters  of  the  fluke. 
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Two  Species  of  Haemonchus  Cobb,  1898, 
Parasitizing  the  Camel  in  the  Cape  Pro- 
vince. 


By  l1.  L.  LE  ROUX,  B.Sc.  (Edin.),  M.R.C.V.S.,  Veterinary 
Research  Officer,  Onderstepoort. 


Recently  the  writer  had  the  opportunity  of  examining  specimens  of 
Haemonchus  collected  from  the  abomasum  of  a camel  ( Camelus 
dromedarius)  destroyed  at  this  Institution  on  arrival  from  Vryburg, 
('ape  Province.  This  camel  had  run  for  some  years  with  cattle  on 
the  farm  Armoedsvlakte  owned  by  the  Division  of  Veterinary  Services. 

The  microscopic  examination  of  the  few  males  collected  revealed 
the  presence  of  two  species  of  Haemonchus  (11.  longistipes  and 
11.  contortus). 

As  H . contortus  has  not  previously  been  recorded  from  this 
host,  the  specimens  were  examined  closely,  hut  could  not  he  differ- 
entiated from  members  of  this  species  collected  from  cattle  and  sheep. 
The  spicules  were  identical  with  those  of  the  type  species  of  this 
genus  as  is  evident  from  Table  I. 

The  larger  females  of  11.  contortus,  owing  to  the  presence  of  a 
rather  small  linguifonn  process  not  uncommonly  met  with  in  speci- 
mens from  cattle,  could  not  he  too  readily  differentiated  from  the 
specimens  of  11 . longistipes  of  approximately  the  same  size.  The 
most  important  measurements  of  these  specimens  of  H . contortus  are 
given  in  Table  II. 

The  measurements  (Tables  III  and  IV)  of  the  specimens  of 
//  longistipes , Railliet  and  Henry,  1909,  collected  agree  with  the 
findings  of  Boulenger  (1921). 

I have  nothing  to  add  to  lhmlenger’s  description  except  that,  in 
the  specimens  examined  by  me,  ilie  ventral  lip  of  (he  cloaca  ends  in 
an  appendage  (Fig.  10)  and  is  not  as  bluntly  rounded  off  as  figured  by 
him  (1921,  Fig.  2a). 

As  this  appendage  is  frequently  held  dorsally,  it  is  quite  readily 
missed  unless  the  lip  is  viewed  laterally. 

The  short  dorsal  lip  of  the  cloaca  is,  as  in  Haemonchus  contortus 
(Fig.  2),  supported  by  two  rays. 
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440 


P.  L.  r.E  POUX. 


441 


TABLE  III. 
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TABLE  IV. 

The  Chief  Measurements  (in  millimetres)  of  six  males  of  Haemon- 
clius  longistipes,  Railliet  and  Henry,  1909,  from  the  camel  (Camelus 
dromedarius)  in  the  Cape  Produce,  compared  with  those  recorded  by 
Railliet  and  Henry,  and  Boulenyer . 
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lath  Annual  Report  of  the  Director  of  Veterinary  Services, 
Union  of  South  Africa.  October,  1929. 


A Preliminary  Report  on  Three  New  Members 
of  the  Genus  Haemonchus , Cobb,  1898, 
from  Antelopes  in  South  Africa. 


By  P.  L.  LE  ROUX,  B.Sc.  (Edin,),  M.R.C.V.S.,  Veterinary 
Research  Officer,  Onderstepoort. 

About  three  years  ago  Mr.  D.  T.  Mitchell,  M.R.C.V.S.,  Sub- 
Director  of  Veterinary  Services,  presented  me  with  some  nematodes 
collected  from  the  abomasi  of  two  eland  (Ta-urotrayus  oryx,  Pall.) 
shot  in  the  Drakensberg  National  Game  Reserve,  Natal. 

The  examination  of  the  material,  preserved  in  10  per  cent, 
formalin,  revealed  the  presence  of  two  species  of  nematodes,  Ostcr- 
tagia  circumcincta  and  a species  of  Haemonchus  new  to  science.  For 
this  species  the  name  Haemonchus  mitchelli , sp.  nov.,  in  honour  of 
the  donor,  is  designated. 

On  my  transfer  to  the  Onderstepoort  Veterinary  Research 
Laboratory,  I had  the  opportunity  of  examining  three  lots  of 
Haemonchus  contort  us  (Rud.)  contained  in  the  helminthological 
collection  and  labelled  as  having  been  collected  from  the  abomasi  of 
the  Cape  koodoo  ( Strepsiceros  strepsiceros  Pall.),  the  blue  wildebeest 
{Gorgon  taurinus  Burch.),  and  the  African  buffalo  ( Synceros  coffer, 
Spa  rum.). 

Idle  examination  of  the  spicules  of  the  specimens  decolorized  in 
lacto-phenol,  proved  them  not  to  lie  members  of  the  type  species  as 
shown  on  the  labels. 

For  the  species  from  the  abomasum  of  the  Cape  koodoo,  I 
designate  the  name  Haemonchus  reglnii,  sp.  nov.,  in  honour  of  Dr. 
Francesco  Veglia,  whose  work  on  the  morphology  and  life-history  of 
Haemonchus  contortus  is  well  known  to  all  interested  in  Nematology . 

The  specimens  from  the  blue  wildebeest  and  the  African  buffalo 
were  identical,  judging  from  the  spicules.  For  this  species  the  name 
Haemonchus  bed  forth  in  honour  of  the  donor,  Mr.  G.  A.  II.  Bedford, 
Research  Officer  in  Entomology,  is  designated. 

As  type  host  of  this  species,  1 select  the  blue  wildebeest,  from 
which  the  specimens  collected  by  Mr.  Bedford  were  most  excellently 
preserved  in  glycerine  alcohol. 

The  specimens  from  l he  African  buffalo  were  collected  in  Zulu- 
land  by  Dr.  II.  II.  Curson  while  investigating  Nagano  there.  This 
material  was  not  well  preserved.  The*  measurements  given  for  //. 
bed  forth  are  of  specimens  taken  from  blue  wildebeest  shot  in  the 
Waterberg  district,  Northern  Transvaal. 
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Most  of  the  material  from  the  koodoo  was  not  well  preserved  and 
the  measurements  given  below  cannot  be  taken  as  absolutely 
characteristic  for  the  species. 

A detailed  description  of  each  individual  species  is  held  over. 
The  three  species  are  typical  members  of  the  genus  Haemonchus , 
Cobb,  1898.  The  differences  which  allow  of  their  identification  are 
given  below,  and  their  chief  measurements  are  tabulated  in  Tables  I 
and  II. 

It  must  be  pointed  out  that  only  the  most  perfectly  preserved 
specimens  were  examined  and  that  twelve  males  and  twelve  females 
of  each  species  were  measured. 

Differentiation  of  the  .species. 

Here,  as  in  (he  genus  Trichostrong plus,  Looss,  1905,  the  examina- 
tion of  males  is  essential  for  the  identification  of  a species. 

The  males  of  the  different  species  are  readily  distinguished  from 
each  other  by  the  characters  of  their  spicules. 

The  tips  of  the  spicules  do  not  only  bear  characteristic  barbs, 
but  these  barbs  are  situated  at  constant  levels,  varying  with  the 
different  species.  In  the  case  of  //.  vegliai,  the  left  spicule  is 
furnished  with  two  barbs  (Figures  21  and  22).  The  lobes  and  their 
rays  comprising  the  copvlatory  bursa  show  slight  variations  in  the 
different  species. 

Variations  are  also  evident  in  the  genital  cones  of  various  species, 
(ft  all  the  characters  referred  to,  those  of  the  spicules  alone  are  of 
such  a nature  as  to  allow  of  the  differentiation  of  the  species. 

The  females  could  to  some  degree  be  recognized  by  the  characters 
of  their  linguiform  processes.  As  in  the  type  species,  the  linguifonn 
process  is  liable  to  considerable  variation  within  specimens  from 
the  same  host. 

In  //.  mitchelli  the  linguifonn  process  is  a fairly  stout  and  well- 
developed  appendage  situated  in  front  of  the  genital  opening  and 
partly  or  wholly  overlapping  it.  In  the  majority  of  specimens  the 
vulva  with  the  vagina  slightly  evaginating  is  located  at  the  right 
commissure,  formed  by  the  linguiform  process  and  the  body. 

In  II.  bed  ford  i the  linguiform  process  shows  still  more  anomalies. 
In  some  specimens  there  are  well-developed  pre-vulvar  and  post- 
vulvular  processes  {linguiform  processes).  In  others  there  are  only 
post-vulvular  processes,  and  these  were  often  at  a Considerable 
distance  from  the  genital  opening. 

In  a third  group  there  were  no  linguifonn  processes  present. 

In  all  three  groups  one  or  two  lateral  articular  swellings  may  be 
absent  or  present  in  the  region  of  the  vulva.  These  swellings  are 
associated  with  Sexual  functions,  and  in  specimens  observed  in  copula 
they  were  gripped  by  the  lateral  lobes  of  the  copulatory  bursa. 

H.  vegliai  yielded  variations  as  well.  In  most  specimens  the 
linguifonn  process  was  replaced  by  a mere  swelling  as  figured. 

The  apparent  anomalies  of  the  vulvular  linguiform  process  as 
met  with  in  Haemonchus  contortus  has  been  commented  on  by  Veglia 
<1915)  and  Dikmans  (1921).  Judging  from  the  observations  of  Veglia 
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and  Dikmans  on  t lie  type  species  and  my  personal  findings,  just 
given,  it  is  evident  that  the  character  of  this  process,  in  any  one 
known  species,  is  not  so  constant  as  to  accept  it  as  of  a specific  generic 
character. 

Baylis  and  Daulmey  (1922)  differentiated  the  species  Haemonchus 
cervmus  of  t he  spotted  deer  ( Cerrus  axis ) from  Haemonchus  contortus 
because  “ the  vulva  is  slightly  prominent,  but  possesses  no  overhang- 
ing anterior  lip  such  as  is  found  in  II.  contortus."  Specimens  of 
//.  contortus  without  an  overhanging  linguiform  process  are  by  no 
means  uncommon  from  both  sheep  and  cattle  in  South  Africa. 

The  species  Haemonchus  cernnus  Baylis  and  Daulmey  (1922), 
should  most  probably  be  considered  a species  inqui rcntlae.  An 
examination  of  the  spicules  (it'  present)  of  the  damaged  male  is 
desired  if  //.  cernnus  Baylis  and  Daulmey,  1922,  is  to  he  retained 
as  a valid  member  of  the  genus. 

Curson  (1928),  recording  Haemonchus  contort  us  (l(ud.)  from  ihe 
ox,  sheep,  goat,  buffalo  and  wildebeest  in  Zululand,  comments  on  the 
fact  that  although  the  wild  ruminants  were  heavily  infected,  they 
showed  no  ill  effects  such,  as  are  manifested  by  domestic  stock 
similarly  infested. 

(■arson’s  record  of  H contortus  from  the  buffalo  and  the  wilde- 
beest is  incorrect,  as  is  proved  by  the  specimens  collected  by  him 
and  deposited  in  the  helminthological  collection  at  Onderstepoort. 

Haemonchus  contortus  (Bud.)  of  Curson  1928  now  becomes 
a synonym  of  Haemonchus  bedfordi , sp.  nov. 

Although  the  two  old  eland  bulls  shot  by  Mr.  Mitchell  were  very 
heavily  infected  with  the  two  species  mentioned  elsewhere,  they  were 
in  excellent  condition.  Their  age  and  the  good  grazing  probably 
accounted  for  the  absence  of  lesions  attributable  to  Haemonchosis. 


TABLE  I. 

Measurements  (in  millimetre jjj)  of  the  males  of  Haemonehus  contovtiis. 
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On  an  Oesophagostome  ( Oesophagostomum 
susannae , sp.  nov.)  from  the  Springhare 
( Pedetes  caffra ),  together  with  Remarks 
on  closely  related  Species. 


By  P.  L.  LE  ROUX,  B.Sc.  (Edin.),  M.R.C.V.S.,  Veterinary 
Research  Officer,  Onderstepoort. 


INTRODUCTION. 

Ix  1927  the  writer  collected  four  nematodes  from  four  haemorrhagic 
submucosal  cysts  in  the  caecum  of  a Springhare  shot  at  the  Xooitge- 
daeht  Veterinary  Research  Laboratory,  Ermelo,  Eastern  Transvaal. 
The  search  of  the  lumen  of  the  alimentary  tract  for  helminths  yielded 
a solitary  female  of  the  genus  T richocephalus,  located  in  the  caecum. 

The  microscopic  examination  of  the  specimens  from  the  cysts 
proved  them  to  he  sexually  immature  adult  members  (two  males  and 
two  females)  of  the  genus  Oesophagostomu in  Molin,  1861.  The 
structure  of  the  buccal  capsule  and  the  character  of  the  oesophageal 
funnel  showed  that  they  were  members  of  a species  closely  related 
to  three  or  possibly  four  of  the  known  oesophagostomes.  In  Table  I 
the  chief  measurements  of  the  new  species  will  be  found  given  with 
the  available  measurements  of  the  related  forms. 

Before  dealing  with  the  morphology  of  U.  susannae,  the  related 
species  will  he  considered  briefly  as  regards  hosts  and  geographical 
distribution. 

Oesophagostomum  apiostomum  (W  lllach,  1891),  Railliet  and 
Henry,  1905,  was  originally  described  as  Sclerostovia  apiostomum 
from  nodules  in  the  intestine  of  Macacus  cynomolgus.  Weinberg 
collected  several  specimens  of  this  species  from  .1/.  cynomolgus  and 
M.  sinicus.  It  is  on  this  material  that  Railliet  and  Henry  base  their 
description  of  O.  apiostomum . 

Leiper  (1911)  declares  O.  hrumpti,  Railliet  and  Henry,  1905,  to 
be  synonymous  with  O.  apiostomum,  which  he  records  : 

(a)  from  the  great  intestine  of  monkeys  in  Uganda; 

( h ) from  cysts  in  the  wall  of  the  colon  of  M.  sinicus;  and 
( c)  as  passed  by  a native  patient  of  l)r.  Andrew  Foy  at  Ibi, 
Northern  Nigeria. 

Leiper  (1916)  outre  more  declares  O.  hrumpti  as  synonymous  with 
O.  apiostomum,  which  is  this  time  recorded  from  inmates  of  the 
Zungeru  Gaol,  Northern  Nigeria.  His  drawing  (Fig.  15,  p.  274)  of 
the  anterior  extremity  of  the  worm  appears  without  the  recurved 
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oesophageal  teeth  characteristic  of  t lie  members  of  the  subgenus 
Conoweberia  Ihle,  1922.  Judging  from  the  measurements  given  by 
Leiper  (1911  and  1913),  1 am  inclined  to  agree  with  Railliet  and 
Henry  (Brumpt  1927,  p.  074),  and  Ihle,  1922,  that  Leiper  was  deal- 
ing with  a species  or  species  other  than  O.  upiostomum  or  0.  hrumpti. 
A re-examination  of  Leiper’s  material  seems  desirable. 

Lane  and  Low  (1923,  1899),  tabulating  the  chief  measurements 
of  the  Strongylidae  rarely  infesting  man,  has  the  names  0.  apiosto- 
vium  and  0.  stephanostomum  interchanged.  They  have  adopted 
0.  hrumpti  as  a synonym  of  0.  apiostovru  m , for  whom  only  Africa  is 
cited  as  locality.  Walker  (1913)  records  0.  apiostomuvi  as  of  common 
occurrence  in  the  Philippines.  Ihle  (1922)  gives  the  most  detailed 
description  existing  for  O.  apiostomum , which  is  recorded  for  the 
first  time  in  the  wall  of  the  intestine  of  an  orang-outan. 

Until  Leiper’s  0.  apiostomum  is  definitely  proved  to  be  identical 
with  that  of  Willach,  the  distribution  of  this  species  remains  con- 
fined to  Asiatic  monkeys. 

Oesophagostomum  hrumpti  Ilailliet  and  Henry,  1905,  was 
originally  described  from  material  collected  by  Brumpt  from  nodules 
in  the  intestinal  wall  of  a negro  in  the  vicinity  of  the  River  Omo. 
Smit  (1919)  records  this  species  from  a monkey  in  Java.  His  de- 
scription of  the  parasite  is  so  incomplete  that  the  identity  is  not 
proved.  He  gives  the  length  of  the  spicules  as  1300  /x,  which  seems 
to  indicate  the  possibility  of  the  parasite  being  0.  apiostomum . 

Henry  and  Joveux  (1920)  record  O.  hrumpti  as  a parasite  of 
man,  Troglodytes  niger , Cercopithecus  call  it  rich  us,  C.  patas , and 
Papio  sphin.r  in  Upper  French  Guinea. 

Joveux  (Brumpt  1922)  saw  specimens  of  this  species  passed  by 
natives  after  the  administration  of  thymol. 

Oesophagostomum  xeri  Ortlepp  1922  was  obtained  from  the  cae- 
cum and  caecal  wall  of  the  bristly  ground-squirrel  ( Geosciurus 
capensis , syn.  A crus  setosus),  from  South  Africa,  where  this  host  is 
found  living  in  (lose  association  with  the  springliare,  as  it  not 
infrequently  is. 

Oesophagostomum  susarmae  can  be  readily  distinguished  from 
the  above-mentioned  species  by  the  possession  of  the  characteristic 
short,  thick,  and  dorsally  tilted,  blunt  tail  of  the  female. 

THE  MORPHOLOGY  OF  “OESOPHAGOSTOMUM  SUSANNAE,” 

Sp.  Nov. 

The  worms  extracted  by  puncturing  the  cysts  were  of  a slightly 
dirty  white  colour.  The  body  fluid  of  the  cephalic  extremity, 
in  the  immediate  neighbourhood  of  the  oesophagus,  was  tinted 
slightly  red,  as  is  often  observed  in  members  of  the  genus  Triclionema 
— inhabitants  of  the  large  intestines  of  equidae.  No  curving  of  the 
cephalic  extremity,  a characteristic  of  oesophagostomes  furnished 
with  lateral  cervical  alae,  occurred  in  these  specimens  on  preser- 
vation in  hot  glycerine  alcohol.  Neither  was  this  observed  in 
sexuallv  mature  specimens  collected  for  me  by  my  colleague,  Mr. 
I.  P.  Marais,  and  preserved  in  cold  10  per  cent,  formalin. 
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Both  males  and  females  showed  slight  attenuation  towards  the 
extremities.  This  attenuation  was  in  the  female  more  noticeable  at 
the  cephalic  end,  whereas  in  the  male  it  was  more  marked  at  the) 
posterior  extremity. 

The  anterior  extremity  inflated  to  form  a prominent  month 
collar  and  limited  posteriorly  by  a conspicuously  deep  cephalic  groove, 
is  ornamented  with  the  usual  six  circum-oral  papillae.  In  most  of 
the  specimens  preserved  in  formalin  the  mouth  collar  was  not  so 
markedly  inflated  and  hence  had  a less  deep  cephalic  groove.  In 
these  specimens  the  sub-dorsal  and  the  sub-ventral  cephalic  papillae 
showed  up  prominently,  often  projecting  33  p beyond  the  anterior 
surface  of  the  mouth  collar.  These  papillae  appear  with  distinctly 
constricted  off,  lanceolated  tips  measuring  approximately  5 p in  length 
with  a diameter  of  3 p.  In  specimens  with  markedly  inflated  mouth 
collars,  the  papillae  appear  slightly  shorter  owing  to  the  pushing 
forward  of  the  cuticle  enveloping  the  cores  of  the  papillae. 

The  lateral  cephalic  papillae  appear  as  broad  flat  circular  papillae 
on  the  antero-lateral  surface  of'  the  mouth  collar.  The  papillae  are, 
in  the  cases  with  inflated  mouth  collars,  situated  in  a depression  of 
the  cuticle.  In  other  cases  they  project  slightly  beyond  the  surface 
of  the  cuticle. 

The  cervical  vesicle,  well  marked  in  the  sexually  immature  adtilts 
from  the  submucosal  cysts  and  preserved  in  hot  glycerine  alcohol, 
extends  from  the  cephalic  groove  to  the  level  of  the  cervical  papillae. 
In  the  specimens  obtained  from  the  lumen  of  the  caecum  and  pre- 
served in  cold  10  per  cent,  aqueous  solution  of  formalin,  the  cervical 
vesicle  was  much  less  prominent.  In  a few  cases  it  appeared 
practically  non-existent.  In  these  latter,  folds,  suggesting  escape  of 
fluid  from  the  vesicle,  were  numerous.  This  observation  is  recorded 
to  warn  workers  aganist  attaching  too  much  significance  to  the  degree 
of  development  of  such  easily  distorted  structures  as  the  mouth  collar, 
cephalic  groove,  and  cervical  vesicle.  The  nature  of  these  is  too 
readily  affected  by  different  methods  of  preservation  to  be  of  any 
specific  generic  significance.  Thornton  (1924),  in  his  description  of 
Oesophagostomum  oldi,  Goodey  1924,  notes  that  the  specimens 
examined  by  him  at  Liverpool  had  but  slightly  developed  cephalic 
vesicles,  with  three  to  four  lesser  circular  grooves,  not  recorded  by 
Goodey,  anterior  to  the  cervical  groove.  As  the  worms  were  excel- 
lently preserved,  Thornton  did  not  regard  their  presence  as  due  to 
shrinking  of  the  cuticle.  Authors  unfortunately  do  not  always  state 
how  the  specimens  examined  by  them  were  orginally  preserved. 

The  degree  of  inflation  of  the  cervical  vesicle  is  in  the  species 
O.  radiatum  influenced  by  the  activity  of  the  parasite  at  the  time 
of  collection.  In  specimens  with  cephalic  extremities  embedded  in 
crypts  in  the  mucosa  the  vesicles  were  much  more  inflated  than  in 
those  found  free  in  the  lumen  of  the  gut.  This  inflation  in  the  case 
of  O.  radiatum  is  an  adaptation  for  anchoring  itself  in  mucosal  crypts, 
while  it  feeds  on  blood  (?)  or  body  tissues  (?)  acted  on  by  secretions 
from  the  cephalic  and  oesophageal  glands.  The  lumens  of  the  older 
crypts  were  almost  invariably  filled  with  a coagulated  dirty  brown 
mass — material  similar  to  that  lining  the  ulcers  caused  by  Triodonto- 
phorus  tenuicollis  in  the  right  dorsal  colon  of  equities. 
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Yentrally  and  on  a level  with  the  cervical  nerve  ganglion  the 
cuticle  of  the  cervical  vesicle  is  indented  to  form  the  ventral  cervical 
groove , in  the  posterior  wall  of  which  the  excretory  pore  is  localized. 

The  cervical  papillae  are  prominent  and  in  general  disposition 
not  unlike  those  of  the  type  species  of  the  genus.  In  a few  indivi- 
duals the  free  attenuated  portion  was  wholly  or  partially  missing  on 
one  or  both  sides. 

The  cephalic , the  cervical  and  the  suhventral  oesophageal  glands 
are  arranged  as  described  by  Goodey  (1924)  for  0.  dentatum. 

The  dorsal  oesophageal  gland  opens  into  the  buccal  cavity  at  the 
summit  of  a well-developed  dorsal  gutter,  a structure  hitherto  unde- 
scribed for  oesophagostomes.  The  species  closely  related  to  the  one 
under  discussion  should  be  re-examined  for  this  structure,  which  was 
found  to  measure  approximately  6-7  y in  height  by  5 y in  width. 

The  oral  aperture  situated  centrally  on  the  anterior  extremity 
is  guarded  by  twelve  stout,  long  (20  y),  sharply  pointed  elements 
composing  the  external  leaf  crown. 

The  buccal  cavity  is  circular  with  stout,  thick,  euticularized  wall. 
Posteriorly  the  wall  tapers  to  a slightly  sharper  edge  than  anteriorly 
and  articulates  with  the  oesophagus,  which  is  anteriorly  slightly 
euticularized  and  grooved  to  receive  the  euticularized  wall  of  the 
buccal  capsule.  Dorsally  the  depth  of  the  buccal  capsule  is  13  y, 
whilst  centrally  it  is  16-17  y.  Medially  and  anteriorly  the  wall  of 
the  buccal  cavity  bears  a prominent  euticularized  fold,  projecting 
medially  and  slightly  anteriorly.  At  this  point  the  lumen  of  the 
cavity  is  reduced  to  33  y,  while  the  internal  diameters  at  the  inlet 
and  the  outlet  of  the  capsule  are  46  y and  50  y respectively. 

In  some  of  the  specimens  examined  there  was  a distinct  internal 
leaf-crown  composed  of  rather  minute  elements  arising  from  the 
euticularized  fold  referred  to  above.  The  apparent  absence  of  an 
internal  leaf-crown  in  other  specimens  can  only  be  attributed  to  the 
diminutiveness  of  its  elements  and  the  fact  that  they  are  obscured  by 
the  thick  (5-6  y)  wall  of  the  buccal  cavity. 

The  cuticular  fold  described  above  is  figured  also  for  0.  apiosto- 
mum  by  Ihle  (1922).  He  does  not  express  an  opinion  as  to  its 
function  or  its  analogy  to  an  interval  leaf-crown  which  he  declares 
seems  absent. 

For  0.  xeri  Orflepp  (1922)  there  is  described  an  internal  leaf- 
crown  of  rather  small  elements. 

Posterior  to  the  chitinous  fold  the  surface  of  the  buccal  wall  is 
lined  by  a prominently  inflated  cuticle. 

The  buccal  capsule  leads  posteriorly  into  a deep  (36  y)  and  wide 
(30  y)  oesophageal  funnel  formed  by  an  increase  in  width  and  a 
decrease  in  thickness  of  the  anterior  extremities  of  the  three 
oesophageal  sectors.  The  cuticular  lining  of  the  lumen  of  the 
oesophagus  and  oesophageal  funnel,  instead  of  being  continued  to 
end  in  acute  teeth  projecting  into  the  buccal  cavity,  is  at  the  posterior 
border  of  this  structure  deflected  medially  and  posteriorly  to  form  a 
dorsal  and  two  suhventral  oesophageal  teeth. 

The  oesophagus  is  club-shaped,  with  the  anterior  portion  forming 
the  oesophageal  funnel  markedly  dilated  as  the  measurements  will 
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indicate.  The  maximum  diameter  is  attained  posteriorly,  while  the 
minimum  diameter  is  approximately  on  a level  with  the  ventral 
cervical  groove. 

The  union  of  oesophagus  with  intestine  is  guarded  by  the  usual 
three  oesophageal  valves. 

The  cells  of  the  intestine  were  in  sexually  mature  specimens 
heavily  laden  with  dark  pigment  granules.  This  pigmentation,  pre- 
sent throughout  the  length  of  the  gut,  was  most  pronounced  in  the 
anterior  portion.  It  is  the  presence  of  this  pigment  which  imparts 
the  dirty  grey  to  deep  dark  colour  to  the  sexually  mature  adults. 
Posteriorly  the  lumen  of  the  gut  appears  to  have  a cuticularized  wall. 

Male  characters. 

As  the  different  measurements  will  be  found  in  Table  I,  only 
the  remaining  characters  will  be  considered.  As  regards  colour, 
the  males  are  slightly  lighter  than  the  females,  which  are  undoubtedly 
more  active  feeders. 

The  copulatory  bursa  closely  resembles  that  described  for  0. 
upiostomum  and  0.  xeri.  Variations  in  the  distribution  of  rays  were 
noticed  and  are  figured.  The  prebursal  papillae,  situated  about 
400  /jl  from  the  caxulal  extremity,  were  prominent  in  some  individuals, 
lint  less  well  defined  in  others  owing  to  the  longitudinal  contraction 
with  the  resultant  throwing  of  the  cuticle  into  folds. 

A prominent  genital  cone  directed  posteriorly  and  slightly  vent- 
rally  arises  by  a broad  base  from  the  floor  of  the  copulatory  bursa. 
The  cloaca  communicates  with  the  outside  through  a transverse 
ellipsoidal  aperture  situated  subterminally  on  the  dorsal  face  of  the 
genital  cone.  Anterior  to  the  anus  the  dorsal  surface  is  indented 
by  a transverse  groove  as  figured  by  (ioodey  (1924)  for  0.  dentatum. 

The  two  lateral  commissures  of  the  cloacal  aperture  are  each 
bounded  laterally  by  a genital  appendage,  differing  in  shape  with 
the  angle  from  which  they  are  viewed.  In  a ventral  view  they  appear 
spherical  with  a ventrally  directed  appendage.  When  viewed  later- 
ally the  spherical  shape  is  replaced  by  a triangular  one,  with  the 
apex  of  the  triangle  directed  ventrally  and  guarding  the  protruding 
spicules.  In  the  sexually  mature  males  these  appendages  were  best 
developed,  indicating  their  relation  to  sexual  activity. 

The  chitinized  spicules  are  alated  and  of  equal  length.  The 
alation  stops  within  66  /t  of  the  free  extremities,  which  terminate  in 
fine  turned-up  points. 

Female  characters. 

Posteriorly  the  female  shows  hardly  any  attenuation  when 
examined  with  the  unaided  eye.  On  microscopical  examination  ihe 
maximum  diameter  was  found  to  he  reached  at  a point  a little  in 
front  of  the  vulva.  From  this  point  the  attenuation  is  rapid  until 
the  anus  is  reached.  The  tail  is  short,  stout,  blunt,  and,  in  most 
of  the  specimens  examined,  tilted  dorsally  to  he  at  right  angles  to 
the  long  axis  of  the  body.  The  anus  is  situated  at  the  posterior 
ve/itral  angle  of  the  thus  formed  foot.  Near  the  tip  of  the  tail 
there  are  the  usually  caudal  papillae , somewhat  ill-defined  in  most 
specimens. 
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The  vulva  is  located  on  the  anterior  slope  and  near  the  summit 
of  a well-marked  elevation. 

The  vagina  is  of  some  length  and  is  noteworthy  in  that  it  arises 
from  the  anterior  border  of  the  pars  ejectrix.  This  appeared  such  an 
unusual  phenomenon  that  two  females  were  dissected  with  needles 
under  a binocular  microscope  to  verify  this.  The  pars  ejectrix,  with 
concave  anterior  curvature  and  convex  posterior  curvature,  occupies  an 
oblique  position  in  the  body.  The  structure  and  general  disposition 
of  the  remaining  genitalia  is  typical  as  recorded  for  members  of  the 
genus.  The  posterior  extremity  in  all  adult  females  showed  the 
usual  brown  cement  material  adherent. 
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TABLE 


The  Measurements  (in  Millimetres)  of  the 


Species 

0.  brumpti. 

0.  apiostomum. 

0.  apiostomum. 

Hosts 

African  Negro  . 

Macacus  sinicus 
M.  cynomolgus 

Man  : W.  Africa 
Monkeys  : 

Africa 

Habitat 

Encysted  in  wall 
of  caecum  and 
colon 

— 

Great  intestine. 

Locality 

Onto  River.... 

— 

Africa 

Authors 

Rail,  and  Henry 

Rail,  and  Henry 

Leiper  (1911- 

(1905) 

(1906) 

1913) 

Length:  

— 

12-5 

8 

9 

8-5-10-2 

14 

10 

Maximum  width : 



0-4 



9 

0-295-0-325 

0-450 

— 

Length  of  oesophagus : 

— 

0-550-0-60 

0-400 

9 

0-470-0-500 

0-430 

Maximum  width  of  oesophagus:  J 

— 

— 

— 

9 

— 

— 

Minimum  width  of  oesophagus:  q 

— 

— 

— 

9 

— 

— 

Maximum  width  of  oesophagus  posteriorly: 

9 

0-150 

0-165 

- 

Antei  ior  extremity  to  cervical  papilae : 

_ 

0-320 

0-320-0-370 

Anterioi  extremity  to  nerve  ring:  $ 

— 

— 

0-150 

9 

Anterior  extremity  to  excretory  pore : $ . . . . 

— 

0-250-0-275 

— 

Height  of  buccal  capsule : $ 

9 

0-015 

0-020 

0-006 

Internal  width  of  buccal  capsule,  anteriorly : f 

9 

0-035 

0-048 

0-030 

Internal  width  of  breed  capsule,  posteriorly:  $ 

— 

0-065 

0-030 

9 

0-045 

Long  h of  spicules 

— 

1-250-1 -275 

0-650 

Vulva  to  caudal  extremity 

0-350-0-475 

0-420 

0-350 

Vulva  to  anus 

— 

0-240 

— 

Anus  to  caudal  extremity 

0-170 

0-180 

0-200 



— 

0-063 

Uva  \ Width 

1 

1 

0-027 
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I. 

Various  Species  mentioned  in  the  Text. 


0.  stephanostomum 

0.  apiostomum. 

O.  xeri. 

O.  susannae. 

O.  susnanae. 

Man  and  moil- 

Orang-outan . . . 

Xerus  seiosus... 

Pedetes  cajfra. . 

Pedetes  caffra. 

keys,  Africa 

Wall  of  the  large 

— 

Lumen  and  wall 

Wall  of  caecum 

Lumen  of  caecum 

intestine 

of  caecum 

and  colon. 

Africa 

— 

S.  Africa 

E.  Transvaal. . . 

W.  Transvaal. 

Lane  and  Low 

I hie  (1922) 

Ortlepp  (1922). 

Le  Roux  (1929) 

Le  Roux  (1929). 

(1922) 

6-5-11 

10  -12-8 

12-14 

11 

11-5-12 

8-5-12-5 

11-5-15 

13-16-5 

13-13-5 

13  -17 

0-3 

0-425-0-565 

0-380 

0-374-0-382 

0-426-0-474 

— 

0 • 530-0 • 655 

0-510 

0-425-0-442 

0-442-0-600 



0-615 

0-600-0-700 

0-595 

0-537-0-585 

0-5 

0-685-0-720 

0 • 650-0 • 825 

0-578 

0-577-0-585 







0-072-0-073 

0-068-0-073 

— 

— 

— 

0-071-0-072 

0-070-0-086 







0- 052-0 -054 

0-050-0-059 

— 

- 

— 

0-055-0-059 

0-059-0-066 

0-170 



0-126-0- 136 

0-119-0-125 

0-165-0-170 

0-125 

0-128-0-148 

0-350 





0-390-0-424 

0-348-0-411 

— 

0-456-0-458 

0-430-0-453 

0-200 

j 

- 

0-280-0-288 

0-275-0-280 

0 ■ 200 

0-262-0-270 



0-271-0-280 

0-253-0-270 

0-308 

— 

0-270-0-272 

0-260-0-275 

— 

0-021 

— 

f Dorsal  0-013 
\ Ventral  0-019 

f Dorsal  0-013 
\ Ventral 0-017 

( Including  walls 



0-042 

0-044-0-046 

1 -060-0-070 

— 

0-046 

0-047-0-050 

1 Including  walls 



0-045 

0-050-0-052 

1 0-078-0-082 

* 

0-050 

0-050-0-052 

0-900-1-080 

1-285-1-350 

1-290 

1-420 

1-390-1-420 

0-350-0-475 

0-410-0-450 

— 

0-326-0-339 

0-350-0-390 

— 

— 

— 

0-183-0-186 

0-192-0-215 

0-170-0-200 

0-205-0-210 

0- 114-0- 142 

0- 156-0-170 

0-130-0- 180 

0-058 

No  ova  in  uterus 

0-072 

— 

— 

0-039 

0-047 
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Fig  4. 

Dorsal  view,  showing  the  dorsal  gutter,  the  oesophageal  teeth,  etc. 
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Fig.  12. 
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On  a Hookworm  ( Agriostomum  gorgonis,  sp. 
nov.)  from  the  Blue  Wildebeest  ( Gorgon 
taurinus)  in  the  Transvaal. 

By  P.  L.  LE  ROUX,  B.Sc.  (Edin.),  M.R.C.V.S.,  Veterinary 
Research  Officer,  Onderstepoort. 


INTRODUCTION. 

The  type  species,  the  only  other  member  of  the  genus  Agriostomum 
Railliet  1902,  was  described  from  the  duodenum  of  a Zebu  in  Sumatra. 
Lane  (1923)  redescribed  the  species.  He  examined  material  from 
Bos  indicus  at  Darjeeling,  India.  Ware  (1925)  having  obtained 
specimens  from  the  intestine  of  Bos  indicus  in  the  Nilgeri  Hills, 
South  India,  repeated  the  description  with  some  additions. 

It  seems  desirable  that  the  type  specimens  be  re-examined  to 
ascertain  whether  the  bifid  dorsal  tooth,  as  figured  by  Ware  (1928, 
Figure  1,  A),  is  present,  ltailliet  and  Henry  (1913)  figure  no  such 
structure  for  Agriostomum  vryburgi.  Baylis  and  Daubney  (192G) 
recognize  Ware’s  “ straight  tooth-like  organ  ” to  be  the  dorsal  gutter 
ending  in  a cone,  bifid  at  the  apex. 

Agriostomum  gorgonis,  sp.  nov. 

This  species  was  collected  by  Mr.  (j.  A.  H.  Bedford  from  the 
ileum  of  blue  wildebeest  shot  in  the  Waterberg  District,  northern 
Transvaal.  These  animals  harboured  also  the  specimens  described 
as  H aemonchus  bedfordi  Le  Roux  (1929). 

The  type  specimens  and  the  co-types  are  deposited  in  the 
helminthological  collection  at  this  Institute. 

MORPHOLOGY  OF  “ AGRIOSTOMUM  GORGONIS,”  Sp.  Nov. 

The  specimens  preserved  in  glycerine  alcohol  are  of  a dirty  white 
colour,  and  the  body  shows  fine  transverse  striatums.  The  portion  of 
i he  gut  immediately  behind  tin*  oesophagus  is  very  dark  owing  to  the 
presence  of  dark  granules  in  the  intestinal  cells  and  of  dark-coloured 
ingesta  in  the  lumen  of  t he  gut. 

From  about  the  oesophago-intestinal  junction  the  males  and  the 
females  taper  towards  both  extremities.  The  female  ends  posteriorly 
in  a fairly  long  tail  acutely  pointed.  I n the  male  the  posterior 
extremity,  owing  to  the  folding  in  of  the  lateral  lobes  of  the 
copulatory  bursa,  appears  markedly  attenuated.  To  the  unaided  eye 
the  lateral  width  of  the  head  approximates  the  maximum  breadth  of 
the  body.  Immediately  posterior  to  tin*  buccal  capsule  the  body 
narrows  to  form  a distinct  neck. 


481 


HOOKWORM  FROM  THE  BLUE  WILDEBEEST. 


The  oral  aperture  faces  dorsally  and  is  bounded  by  the  usual 
six  circum-oral  papillae. 

The  two  subventral  cephalic  papillae  are  the  most  conspicuous 
and  figure  prominently  in  the  hoodlike  expansion  of  the  cuticle 
extending  anteriorly  to  the  ventral  margin  of  the  mouth.  The 
medial  and  the  sub-dorsal  papillae  are  opposite  and  lateral  to  the 
lateral  and  dorso-lateral  buccal  teeth  respectively. 

The  oral  aperture,  somewhat  hexagonal  in  outline,  leads  into 
a spacious  buccal  cavity  with  thick  cuticularized  wall,  which  has  its 
anterior  border  armed  with  fourteen  teeth  and  a cutting  plate.  These 
structures  are  arranged  approximately  as  figured  (Figs.  1 and  2). 

The  two  subventral  teeth  are  fused  medially  at  the  base  to  form 
the  pair  of  ventral  teeth  described  and  figured  for  Agriostomum  vry- 
burgi Railliet  (1902).  The  remaining  twelve  teeth  are  grouped  into 
six  pairs;  two  dorso-lateral,  two  lateral,  and  two  ventro-lateral. 
Each  pair  consists  of  a well-developed  external  tooth  and  a shorter, 
but  stout,  inner  tooth,  the  latter  being  partly  hidden  by  the  former. 
One  or  more  of  these  buccal  teeth  may  occasionally  be  found  with  the 
tip  or  tips  eroded  as  recorded  by  Ware  (1925)  for  A.  vryburgi  and  by 
Schwartz  (1927)  for  Ancylostoma  pluridentatum. 

Dorsally  there  is  a short  but  broad-based  cutting  plate  with  semi- 
circular convex  cutting  edge.  The  functions  of  this  structure  and  of 
the  buccal  teeth  are  apparent.  That  this  nematode  is  an  active  blood- 
sucker like  the  other  members  of  the  subfamily  cannot  be  disputed. 

The  dorsal  oesophageal  gland,  with  duct  penetrating  the  buccal 
capsule  dorsally,  opens  into  the  buccal  cavity  at  the  summit  of  a 
slight  elevation  situated  behind  the  dorsal  cutting  plate  (Figure  4). 

Anteriorly  the  medial  surface  of  the  mouth  capsule  carries  a 
projecting  structure  (Figure  5)  suggesting  an  internal  leaf  crown. 

The  cuticularized  buccal  capsule  articulates  posteriorly  with  a 
circular  cutic.ular  ring,  surmounting  the  anterior  edge  of  the 
oesophagus. 

The  spacious  buccal  cavity,  with  ventral  wall  much  higher  than 
the  dorsal  one,  leads  into  a well-developed  oesophageal  funnel. 

The  oesophagus  is  club-shaped,  muscular,  and  anteriorly  has  its 
lumen  dilated  to  form  the  voluminous  oesophageal  funnel.  The 
oesophago-intestinal  union  is  guarded  by  the  usual  valves,  well- 
developed  in  this  species. 

The  lumen  of  the  intestine  is  packed  with  darkish  coloured 
material,  probably  partly  digested  blood  and  epithelial  cells.  The 
intestinal  cells  are  packed  with  a blackish  pigment. 

The  cervical  papillae,  situated  about  the  level  of  the  nerve 
ganglion,  are  inconspicuous  and  may  readily  escape  notice. 

The  cervical  glands  have  the  excretory  pore,  not  situated  in  a 
cervical  cleft  as  recorded  for  the  type  species.  The  excretory  pore  is 
approximately  on  a level  with  the  cervical  papillae. 

Male  Characters. 

The  genital  bursa  in  preserved  specimens  has  the  lateral  lobes 
folded  in.  The  arrangement  of  the  rays  agrees  well  with  that  de- 
scribed for  A.  vryburgi.  In  the  majority  of'  individuals  the  dorsal 
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and  the  exter  no-dor  sal  rays  arise  from  a stout  and  comparatively  long 
common  trunk.  Each  dorsal  ray  terminates  in  two  branches,  a slender 
inner  branch  and  a stout  lateral  branch.  The  latter  is  occasionally 
furnished  with  a medial  accessory  offshoot.  The  poster o-lateral,  the 
medio-lateral,  and  the  ext  era  o-lateral  have  a common  trunk.  The 
first  to  branch  off  is  the  externo-lateral.  The  common  trunk  to  the 
postero-lateral  and  the  medio-lateral  is  short  and  the  rays  lying  close 
together  are  stout.  The  ventral  rays,  closely  applied,  terminate  near 
the  edge  of  the  bursa.  Variations  met  with  are  figured.  The 
prebursal  papillae  are  slender  and  do  not  project  beyond  the  cuticle 
in  the  specimens  examined. 

The  genital  cone  is  of  the  typical  ancylostome  type,  and  the 
spicules  are  provided  with  transversely  striated  alae  (Fig.  13). 

The  accessory  piece,  which  in  A.  vryburgi  is  recorded  by  Ware 
(1925)  as  clavicular  in  a lateral  view  and  heart-shaped  in  a dorsal 
view,  is  part  of'  a rather  ill-defined  telamon.  In  whole  specimens 
cleared  in  lacto-phenol  the  exact  limits  of'  this  structure  could  not  be 
ascertained  with  certainty.  The  telamon  with  the  spicules  attached 
was  dissected  out,  but  even  then  its  outlines  were  obscured  by  the 
muscles  adhering  to  it.  When  viewed  dorsally  its  anterior  portion 
carries  a structure  heart-shaped  in  outline  (Fig.  12)  and  measuring 
approximately  70  y x 48  y.  This  structure  is  undoubtedly  analogous 
to  the  accessory  piece  figured  for  the  type  of  the  genus.  According 
to  Ware’s  drawing  (Fig.  1 B)  it  measures  114  y x 85  y.  Below  this 
heart-shaped  structure  referred  to  above  is  another  similarly  shaped 
part,  measuring  42  y x 32 y.  This  is  apparently  a portion  of  the 
first  mentioned  and  is  situated  between  the  two  spicules.  The  whole 
structure  separates  the  spicules  and  secures  them  in  position  and 
forces  them  to  assume  a certain  direction  as  they  emerge  beyond  the 
telamon.  The  alae  with  their  free  borders  medially  directed  (Fig.  12) 
and  overlapping  the  dorsal  surface  of  the  first-mentioned  heart-shaped 
structure  overlap  and  envelop  each  other,  and  so  doing  secures  the 
free  extremities  of  the  spicules  firmly  together.  Laterally  the  main 
body  of  the  telamon  carries  two  posteriorly  directed  wings  which 
secure  the  spicules  laterally.  A short  distance  posterior  to  their 
termination  the  wall  of  the  spicular  canal  appears  again  to  be  slightly 
chitinized. 

Female  Characters. 

The  female  is  larger  than  the  male,  with  the  posterior  extremity 
ending  in  a fine  tail. 

The  genitalia  are  of  the  oesophagostomum  type.  The  vagina  is 
short  and  the  vulva,,  semilunar  in  shape,  opens  on  a well-marked 
ventral  prominence  (Figure  3). 

The  caudal  papillae  are  readily  seen  when  the  worm  is  rotated. 
From  these  the  body  rapidly  narrows,  to  end  in  a long  thin  caudal 
appendage  (Figure  3). 

Identity  of  the  Species. 

That  this  parasite  is  a species  distinct  from  A.  vryburgi  Railliet 
(1902),  is  proved  by  (a)  the  shape  and  the  dimensions  of  the  buccal 
capsule,  (b)  the  size  of  the  oesophageal  funnel,  (c)  the  number  of 
buccal  teeth,  and  (d)  the  absence  of  a cervical  groove. 
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Lane  (1923)  points  out  that  A.  vryburgi  forms  an  interesting- 
link  between  the  Ancylostomidae  and  the  Oesophagostomidae.  He 
proposes  for  it  the  subfamily  Agriostominae,  which  is  included  in 
the  family  Oesophagostomidae.  This  suggestion  for  its  inclusion  in 
the  family  Oesophagostomidae  cannot  he  supported,  and  it  should  be 
retained  in  the  Ancylostominae  as  suggested  by  Ihle  (1922)  and  by 
Baylis  and  Daubney  (1926). 


TABLE  I. 

The  Measurements  ( m millimetres)  of  Males  and  Females  of 
Agriostomum  gorgonis,  sp.  non. 


Males. 

Females. 

Length  of  worm 

9-10 

11-13 

Lateral  width  of  head 

0-286-0 -340 

0-320-0-360 

Maximum  width  of  body 

0-312-0-360 

0-340-0-370 

Width  of  body  in  front  of  copulatory  bursa... 

0-231-0-280 

— 

Length  of  oesophagus 

1-400-1-500 

1-440-1-500 

Maximum  diameter  of  oesophagus  anteriorly. . . 

0-234 

0-243 

Maximum  diameter  of  oesophagus  posteriorly.  . 

0-240-0-280 

0-250-0-280 

Minimum  diameter  of  oesophagus 

0-140-0-160 

0-140-0-180 

Lateral  width  oral  aperture 

0-200-0-220 

0-230-0-240 

Dorso-ventral  diameter  of  buccal  cavity 

0-156-0-172 

0-154-0-176 

Lateral  diameter  of  buccal  cavity 

0-187-0-190 

0-180-0-200 

Height  of  dorsal  wall  of  buccal  cavity 

0-020-0-025 

0-020-0-025 

Height  of  ventral  wall  of  buccal  cavity 

0-240-0-260 

0-260-0-280 

Lateral  width  of  oesophageal  funnel 

0-180-0-210 

0-200-0-230 

Height  of  dorsal  wall  of  oesophageal  funnel. . . 

0-125-0-156 

0-130-0-165 

Height  of  ventral  wall  of  oesophageal  funnel.. 

0-186 

0-189 

Length  of  spicules 

1-00  -1-20 

- 

Anterior  extremity  to  excretory  pore 

0-700-0-840 

0-780-0-844 

Anterior  extremity  to  cervical  papillae 

0-800-0-900 

0-900-0-950 

Vulva  to  anus 

— 

0-240-0-300 

Anus  to  posterior  extremity 

— 

0-240.0-310 
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Notes  on  some  South  African 
Descriptions  of  Three  New 


Ticks,  with 
Species. 


By  G.  A.  H.  BEDFORD,  Research  Officer,  Onderstepoort. 


Genus  Ornithodorus  C.  L.  Koch. 

Ornithodorus  perengueyi  Bedford  and  Hewitt. 
Ornithodorus  perengueyi  Bedford  and  Hewitt,  S.  Afr.  Journ.  Nat. 

I-Iist.,  V,  i,  pp.  259,  260,  PI.  19,  f.  1-3  (1925). 

A number  of  adults  and  nymphs  were  found  in  the  nests  of 
Petrochelidon  spilodera  Sund.  (South  African  cliff  swallow)  at 
Onderstepoort  in  March  and  April,  1927  (coll.  G.  A.  H.  B.).  This 
species  was  described  from  adults  and  one  nymph  collected  in  a 
native  church  at  Nqamakwe,  C.P.  The  host  was  not  recorded. 

Genus  Ixodes  Latreille. 

Ixodes  elongatus  nov.  sp. 

(Plate  I,  figures  1,  2.) 

Female  (unengorged)  : Scutum  dark  reddish-brown  in  colour, 
much  longer  than  broad  (1.07  mm.  x 0.64  mm.),  widest  in  the 
middle;  cervical  grooves  short,  defined  by  short,  narrow  depressions, 
extending  backwards  from  behind  the  anterior  margin  to  beyond 
middle  of  scutum;  lateral  grooves  well  developed;  punctations  equal, 
fairly  large  and  deep,  with  a white  hair  arising  from  the  majority 
of  them,  the  hairs  being  longer  in  front  and  on  each  side  beneath  the 
anterolateral  angles.  Body  1.78  x 1.05  mm.  Dorsum  paler  than 
scutum,  with  numerous  pale  hairs;  grooves  absent.  Venter  with 
similar  hairs;  vulva  situated  in  a line  between  coxae  iii  and  iv ; anal 
groove  horseshoe  shaped.  Spiracles  large,  circular.  Capitulum  with 
the  dorsal  base  slightly  broader  than  long,  0.17  mm.  long  x 0.24  mm. 
broad,  narrower  in  front  than  behind;  porose  areas  well  separated. 
Palpi  very  slightly  longer  than  hypostome,  narrow,  second  article 
less  than  twice  the  length  of  third.  Hypostom,e  3/3  in  front,  2/2 
behind,  the  posterior  inner  teeth  shorter  and  blunter  than  the  outer 
teeth.  Legs  long  and  slender;  coxae  broad,  flat;  coxae  i with  a 
medium-sized  spur  at  ihe  postero-external  angle  and  with  a short  one 
internally;  coxae  ii,  iii.  and  iv  with  a spur  at  the  postero-external 
angle,  those  on  coxae  ii  and  iii  minute. 

Male:  unknown. 

Described  from  a single  female  taken  off  Mastomys  concha  A. 
Smith  (multimammate  mouse)  at  Onderstepoort  on  tin'  6th  February, 
1929  (coll.  P.  L.  le  Roux). 
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This  species  appears  to  be  closely  allied  to  1.  nairobiensis  Nuttall, 
described  from  a single  female  taken  oh  a dog  at  Nairobi,  Kenya 
Colony,  and  to  Ixodes  acuminatus  Neumann,  described  from  two 
females  taken  off  a rat  in  Italy.  From  both  these  species  it  can  be 
distinguished,  inter  alia,  by  the  shape  of  the  anal  grooves  and  the 
spurs  on  the  coxae.  Ixodes  vespertilionis  Koch,  found  on  bats  in 
Europe,  N.  Africa,  and  Australia,  is  probably  more  closely  related 
to  these  three  species  than  to  any  other  known  species  of  Ixodes.  In 
the  female  of  this  species  the  scutum  resembles  that  of  elongatus  in 
shape,  but  differs  from  elongatus , nairobiensis , and  acuminatus  in 
the  shape  of  both  the  base  of  the  capitulum  and  the  anal  groove; 
also  the  legs  are  longer  and  there  are  no  spurs  on  the  coxae. 

Ixodes  rasus  Neumann. 

Ixodes  rasus  Neumann,  Mein.  Soc.  Zool.  France,  xii,  p.  137, 
f.  12-14  (1899). 

Ixodes  rasus  Neumann,  ibid.,  xiv.,  p.  285  (1901). 

Ixodes  rasus  Neumann,  Herausg.  v.  d.  Konigl.  Sch  iced . Akad.  d. 
Wiss.  Upsala,  p.  18  (1907). 

Ixodes  rasus  Neumann,  Fas  Tierreich.  Ixod.,  p.  26  (1911). 

Ixodes  rasus  Nuttall  and  Warburton,  Mon.  Ixod.,  pp.  228-230, 
f.  224-226  (1911). 

One  female  and  three  nymphs  taken  off  Procavia  capensis 
natalensis  Roberts  (Natal  dassie)  at  Mtabamhlope,  Estcourt  District, 
Natal  (collected  by  Mr.  P.  Barnes  and  presented  by  Mr.  Lawrence 
Hill).  I am  indebted  to  Mr.  Warburton  for  kindly  comparing  these 
specimens  with  specimens  in  the  Cambridge  collection.  Mr.  War- 
burton  informs  me  that  this  species  is  very  variable,  and  that  the 
specimens  may  prove  to  be  a distinct  variety. 

Neumann  has  recorded  rasus  from  Procavia  sp.,  Herpestes 
ich  neumon,  Cephalopus  leucogaster,  and  Cam's  familiaris,  and  gives 
the  following  localities:  Congo,  Cameroons,  Togo,  and  Tanganyika 
Territory.  Nuttall  and  Warburton  have  recorded  specimens  taken 
off  cattle  in  Uganda,  and  from  man,  dog,  and  leopard  in  Ashanti. 

Genus  Haeiiaphysalis  C.  L.  Koch. 

Haemaptiysalis  cooeeyi  nov.  sp. 

(Plate  II,  figure  3 A to  D.) 

Male:  Scutum  reddish-brown  in  colour,  oval,  1.88  x 1.3  mm., 

fairly  narrow  in  front  and  broad  behind,  with  numerous  small 
punctations  which  are  practically  equal  in  size;  cervical  grooves 
short,  curved  inwards,  moderately  deep  in  front;  lateral  grooves  well 
marked,  extending  backwards  to  the  first  festoon.  Capitulum  wider 
than  long,  0.11  x 0.26  mm.,  the  base  with  lateral  margins  winged, 
posterior  margin  straight  without  cornua.  Palpi  with  article  ii  very 
broad  and  salient  laterally,  longer  than  article  iii,  article  iii  with  a 
broad  backward  projecting  process  on  the  venter.  Hypostome  4/4 
with  equal  teeth. 

Legs  : coxae  i and  iv  with  small  pointed  spur  at  the  internal 

angle;  coxae  ii  and  iii  with  a slight  blunt  spur  at  the  internal  angle; 
trochanter  i with  a strong  spur  on  the  dorsum. 
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Venter:  reddish-brown  with  numerous  small  punctations,  in  the 
middle  of  each  arises  a minute  white  hair;  spiracles  ovate,  the  pointed 
end  dorsal. 

Female  (unengorged)  : Scutum  reddish-brown  in  colour,  about 
as  wide  as  long,  0.87  mm.  long  x 0.8G  mm.  wide;  cervical  grooves 
short,  curved;  punctations  smallish,  equal  in  size  and  evenly  dis- 
tributed. Body  same  colour  as  scutum,  with  numerous  punctations 
on  both  dorsum  and  venter;  lateral  grooves  well  marked,  extending 
backwards  to  end  of  second  festoon.  Capitulum  wider  than  long, 
0.43  mm.  long  x 0.16  mm.  wide,  the  base  with  lateral  margins 
winged,  posterior  margin  slightly  concave  without  cornua;  porose 
areas  elongated-oval,  well  separated.  Hypostome  4/4,  with  equal 
teeth.  Palpi  and  legs  as  in  the  male. 

Nymph  (unengorged)  reddish-brown  in  colour.  Scutum  slightly 
broader  than  long,  0.41  x 0.48  mm.,  with  a few  small  punctations, 
arising  from  the  middle  of  each  is  a minute  white  hair.  Marginal 
grooves  well  developed,  extending  back  to  the  end  of  the  first  festoon. 
Capitulum  wider  than  long,  0.08  x 0.21  mm.,  the  base  with  lateral 
margins  rounded,  posterior  margin  slightly  concave.  The  palpi 
differ  slightly  from  those  of  the  female,  article  ii  being  shorter 
behind  the  lateral  angle  and  resembling  more  closely  that  of 
II.  hoodi  Warb.  and  Nutt,  in  shape,  and  on  the  venter  of  the  second 
article  there  is  a backward  projecting  spine.  Legs  as  in  the  female, 
except  that  the  spurs  on  coxae  i-iii  are  slightly  more  developed,  those 
on  ii  and  iii  being  more  pointed;  coxae  iv  without  a spur. 

Described  from  three  males,  one  female,  and  two  nymphs  taken 
off  Procavia  capensis  coombsi  Roberts  (Transvaal  dassie)  near 
Onderstepoort  on  the  22nd  August,  1928  (coll.  Prof.  R.  A.  Cooley  and 
G.  A.  H.  Bedford),  also  several  engorged  nymphs  taken  off  Pedetes 
caffer  Pall,  (spring-hare)  at  Pienaars  River,  Tarnsvaal,  on  the  1st 
October,  1928  (coll.  Prof.  R.  A.  Cooley). 

Holotype : a male  from  P . capensis  coombsi. 

This  species  is  closely  allied  to  II . hoodi  Warburton  and  Nuttall 
(found  on  birds  in  various  parts  of  Africa),  from  which  it  can  be 
readily  recognized  by  the  shape  of  the  palpi,  and  the  cervical  grooves 
of  the  male  are  shorter  than  those  of  II.  hoodi.  A variety  of  hoodi 
has  been  described  from  specimens  taken  off  Procavia  manningi  in 
Nyasaland,  but  it  appears  to  be  quite  distinct  from  cooleyi. 

Genus  Rhipicephaltjs  Koch. 

Rhipicepiialus  punctatus  nov.  sp. 

(Plate  III,  figure  4 B and  D,  and  figure  5 B.) 

Male:  Scutum  oval,  more  than  twice  as  wide  posteriorly  as  in 
front,  length  2.26  mm.,  width  1.5  mm.,  reddish-brown  in  colour, 
shining,  with  very  few  punctations,  those  on  the  posterior  half  being 
particularly  large  and  deep;  arising  from  each  punctation  there  is 
a minute  pale  hair;  eyes  flat,  yellowish;  cervical  grooves  short; 
lateral  grooves  extending  back  to  first  festoon ; festoons  well  developed. 
Capitulum  wider  than  long,  length  0.43  mm.,  width  0.5  mm., 
lateral  margins  of  base  with  prominent  angle,  posterior  margin  very 
slightly  concave  without  pronounced  cornua.  Palpi  longer  than  wide, 
article  ii  longer  than  article  iii. 
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Legs  reddish-brown  in  colour,  coxae  i with  internal  spurs  pointed 
and  about  as  wide  as  the  external  spurs. 

Venter  reddish-brown  with  a few  punctations,  each  with  a small 
pale  hair  in  the  middle ; adanal  shields  with  the  outer  and  posterior 
margins  convex,  inner  margins  concave;  accessory  shields  normal. 

Female  (slightly  engorged)  : Scutum  slightly  wider  than  long, 

length  1.26  mm.,  width  1.36  mm.,  dark  reddish-brown,  shining,  with 
a few  large  punctations  on  the  median  area  and  on  each  side  in  front; 
eyes  flat,  yellowish;  cervical  grooves  very  short,  curved  inwards; 
lateral  grooves  entirely  absent.  Capitulum  0.66  mm.  long,  0.75  mm. 
wide;  base  without  pronounced  cornua;  porose  areas  rounded. 

Body  same  colour  as  scutum;  marginal  grooves  indistinct, 
median  and  postero-lateral  grooves  narrow;  festoons  distinct. 

Described  from  seven  males  and  a single  female  taken  off  a 
Procavia  capensis  coombsi  Roberts  (Transvaal  dassie)  near  Onderste- 
poort  on  the  22nd  August,  1928  (Coll.  Prof.  R.  A.  Cooley  and  G.  A. 
H.  Bedford);  also  two  males  and  two  females  received  from  Dr. 
Schmidt  taken  off  a dassie  at  Omaruru,  South-West  Africa. 

Holotype  : a male  from  P.  capensis  coombsi. 

This  new  species  resembles  R.  simus  Koch,  and  for  comparison 
we  also  give  figures  of  that  species  drawn  to  the  same  scale,  these 
specimens  being  of  normal  size.  The  males  are  smaller  than  those 
of  simus  and  reddish-brown  instead  of  dark  brown  to  black.  In  simus 
the  scutum  varies  from  about  2.6  x 1.85  mm.  to  3.9  x 2.8  mm.,  the 
former  being  abnormally  small.  The  punctations  on  the  scutum  of 
the  male  are  very  much  larger  than  those  of  simus.  In  the  latter 
species  they  are  variable,  there  usually  being  a number  of  very  small 
punctations  present  in  addition  to  the  large  ones,  which  are 
invariably  arranged  as  shown  in  the  figure.  The  internal  spurs  of 
coxae  i are  much  wider  than  the  external  spurs  in  simus  (compare 
figure  4 C and  D).  In  simus  the  cornua  of  the  basis  capituli  are  very 
distinct  in  both  sexes,  whereas  in  punctatus  they  are  inconspicuous. 
The  females  can  also  he  distinguished  from  simus  by  the  shape  of 
ihe  scutum,  the  cervical  grooves  being  short  instead  of  long,  the 
absence  of  lateral  grooves,  and  the  punctations  are  considerably  less 
numerous.  In  simus  the  punctations  in  the  median  area  between  the 
lateral  grooves  are  usually  small  with  a large  one  dotted  about  here 
and  there,  not  as  in  figure  5 A,  in  which  they  are  all  large. 

W e have  no  hesitation  in  regarding  punctatus  as  a good  species 
for  the  following  reasons : Firstly,  the  specimens  of  R.  simus  drawn 
for  comparison  were  taken  off  cattle  on  the  same  farm  as  the  specimens 
of  punctatus . We  have  examined  a large  number  of  simus  collected 
on  cattle  and  dogs  in  this  locality,  but  not  one  of  them  resembles  this 
new  species.  Secondly,  typical  punctatus  have  also  been  found  on  a 
dassie  in  South-West  Africa;  and,  lastly,  the  females  of  the  species 
of  Rhipicephalus  are  as  a rule  very  difficult  to  distinguish,  whereas 
1 li e females  of  punctatus  are  very  distinct  and  easy  to  identify. 
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PLATE  I. 


Fig.  2. 


Fig.  1.  Ixodes  elongatus  nov.  sp.,  eapitulum  and  scutum  of  female. 
Fig.  2.  Ixodes  elongatus  nov.  sp.,  venter  of  female. 

A.  Posterior  teeth  of  hypostoine. 


G.A.H.  15.  del. 
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PLATE  II. 


1 la  emaphy  sails  cooleyi  now  sp.  A.  Dorsum  of  male;  B.  Capitulum  and  scutum 
of  female;  C.  Capitulum  in  ventral  aspect  of  female;  D.  Coxae  of  male. 


G.A.H.  B.  del. 
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PLATE  III. 


A.  and  C.  Dorsum  and  coxa  i of  male  of  Rhipicephalus  simus  Koch. 

B.  and  D.  Dorsum  and  coxa  i of  male  of  Rhipicephalus  punctatus  nov.  sp. 


A.  B 

Fig.  5. 

A.  Capitulum  and  scutum  of  female  of  Rhipicephalus  simus  Koch. 

15.  Capitulum  and  scutum  of  female  of  Rhipicephalus  punctatus  nov.  sp 
.A.H.  B.  del. 
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loth  Annual  Report  of  the  Director  of  Veterinary  Services, 
Union  of  South  Africa.  October,  1929. 


Anoplura  ( Siphunculata  and  Mallophaga ) 
from  South  African  Hosts. 


By  G.  A.  FT.  BEDFORD,  Division  of  Veterinary  Services, 
Onderstepoort. 


The  present  paper  is  based  mainly  on  a collection  of  Anoplura  belong- 
ing to  the  South  African  Museum  and  submitted  to  the  author  by 
Dr.  R.  F.  Lawrence  for  identification.  The  majority  of  the  species 
were  collected  by  Dr.  Lawrence  in  Ovamboland,  South-West  Africa, 
in  1922-28,  and  a few  by  Mr.  White  at  Capetown.  In  addition  to 
these,  there  are  also  described  or  recorded  a few  species  in  the  collec- 
tions of  the  Division  of  Veterinary  Research  and  of  Mr.  Lawrence 
Hill,  of  Pietermaritzburg. 

We  wish  to  express  our  thanks  to  Mr.  C.  G.  Walker  for  the 
great  care  he  has  taken  in  drawing  the  figures  reproduced  in  this 
paper,  with  the  exception  of  figures  2 to  5 and  20  and  21,  which  were 
drawn  by  the  author. 

Sub-order  SIPHUNCULATA. 

Genus  Lemurphthirus  Bedford. 

Lemurphthirus  Bedford,  Parasit.,  XIX,  ii,  p.  263  (1927). 

1.  Lemurphthirus  galagus  Bedford. 

L.  galayus  Bedford,  Parasit..  XIX,  ii,  pp.  263-264  (1927). 

(Figure  1.) 

Two  males  (one  slightly  immature)  taken  oft'  a lemur,  Galago 
moholi,  in  South-West  Africa.  This  species  was  described  from  a 
single  female  taken  oft  the  same  host  in  the  Transvaal. 

Description  of  Male. — Head  as  in  the  female.  Second  joint  of 
antennae  shorter  than  that  of'  female,  with  a short  spine  on  the  inner 
margin;  third  joint  with  two  slightly  stronger  spines,  one  at  the 
distal  post-axial  angle  and  tbe  other  behind  it. 

Thorax  and  legs  as  in  the  female. 

Abdomen  elongated ; tergites  i to  vii  each  with  a very  narrow 
median,  transverse  dark  band  and  four  long  bristles,  with  a short 
spine  between  tbe  outer  pairs  and  one  long  bristle  inside  each  spiracle. 
Tergite  viii  with  two  long  bristles  in  the  middle  and  two  long 
spiracular  bristles  on  eac  h side.  Apical  tergite  with  a small  plate  on 
each  side  on  the  posterior  margin  with  two  short  hairs.  First  sternite 
with  a longish  bristle  on  each  side  of  the  meson;  second  to  eighth 
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stermtes  with  similar  hands  and  bristles  as  on  the  dorsum,  the  spines 
between  the  bristles  being-  slightly  smaller  than  those  on  the  dorsum. 
On  the  second  sternite  the  band  is  broad  and  there  are  an  additional 
two  bristles  above  the  transverse  row.  Pleurites  as  in  the  female, 
only  present  on  the  second  segment.  Spiracles  present  on  the  third 
to  eighth  segments.  Male  genitalia  as  in  Fig.  1. 


Measurements. 

Length.  Width. 


Head 0.25  0.25 

Thorax  0.28  0.26 

Abdomen 0.68  0.41 


Total 1.21  mm. 


Genus  Linognathus  Enderlein. 

Linognath  us  Ernlerl.,  Zoo/.  Am.,  XXIX,  p.  194  (1905). 

1.  Linognathus  vituli  (Linnaeus). 

One  immature  specimen  found  on  a flv.  Mu  sea  lasioplithahna, 
at  Camps  Bay,  Capetown,  in  May,  1928. 

2.  Linognathus  gokgonus  nov.  nom. 

L.  ferrisi  Bedford,  Trans.  May.  Sac.  S.  Afr.,  XIV,  iv,  pp.  351,  352, 
Fig.  5,  6 (1927),  nee,  Fahrenliolz,  1919. 

As  Hr.  Maurice  C.  Hall  has  very  kindly  pointed  out  to  me,  my 
L.  ferrisi  is  preoccupied  by  L.  ferrisi  Fahrenliolz,  1919.  I now, 
therefore,  propose  the  name  gorgonus  for  the  species  parasitic  upon 
Gorgon  taurinus  (blue  wildebeest). 

Genus  Eulinognathus  Cummings. 

Eulinognathus  Cummings,  .4////.  Maq.  Sat.  Hist,  (viii),  xvii,  p.  90 

(1916). 

1.  Eulinognathus  denticulatus  Cummings. 

E.  denticulatus  Cummings,  Ann.  Maq.  Nat.  Hist,  (viii),  xvii, 
pp.  90-94,  f'.  1 ( i 9 1 G ) . 

Tin  ee  females  taken  oft'  Pedetes  caffer  Pall,  (springhare). 


Genus  Einognathoides  Cummings. 

Linognathoides  Cummings,  Bull.  Eat.  Res.,  V,  p.  159  (1914). 

Ferris  (Stanford  Univ.  Publ.,  II,  iv,  p.  237,  1923)  has  recently 
sunk  this  genus  as  a snyonym  of  S eoheamatopinus  Mjoberg,  but  as  the 
following  species  was  described  as  a Linognathoides  and  its  generic 
position  is  doubtful  I am  retaining  it  bere. 
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i.  Linognathoides  fafrei  Bedford. 

L.  faurei  Bedford,  Seventh  and  Eighth  1 lepts.  Dir.  Yet.  Res.,  Un. 

S.  Afr.,  pp.  710-712,  PI.  1,  f.  2;  PI.  7,  f.  3 (1920). 

Three  females  taken  oft'  Geosciurus  capensis  Kerr  (ground- 
squirrel). 

Genus  Polyplax  Enderlein. 

Polypi  a.  r Enderlein,  Zool.  Anz.,  XXVIII,  pp.  139,  142,  223  (1904). 
Polyplax  (Enderl.)  Ferris,  Stanf.  Pair.  Pvbl.,  Biol.  Sci.,  II,  iv, 

p.  183  (1923). 

1.  Polyplax  spinulosa  (Burmeister). 

Pediculus  spinulosvs  Burin.,  “ Rliynohota,”  Gen.  Ins.,  p.  8 (1839). 
Polyplax  spinulosa  (Burin.)  Ferris,  Stanf.  Unir.  Pvbl.,  Biol.  Sci., 
II,  iv,  pp.  187-191,  f.  119,  120  (1923). 

Females  and  males  collected  by  the  writer  oft  a rat,  Thalloniys 
inoyyi  Roberts,  along  with  specimens  of  Hoplopleura  affinis  (Burin.) 
at  Onderstepoort  in  March,  1927. 

2.  Polyplax  praomydis  nor.  sp. 

(Fig.  2-5.) 

Female. — Total  length,  1.74  mm.  Length  of  head  0.24  mm.; 
thorax  (along  middle  line),  0.15  mm.;  abdomen,  1.35  mm.  Breadth 
of  head,  0.15  mm.;  thorax,  0.25  mm.;  abdomen  (4th  and  5th  seg- 
ments), 0.46  mm. 

Head  (Fig.  2)  longer  than  wide,  acutely  rounded  in  front  of  the 
antennae.  On  the  dorsum  there  are  two  small  hairs  in  front,  and 
four  a short  distance  behind  the  anterior  margin,  the  lateral  ones 
being  close  to  the  base  of  the  antennae.  Behind  the  antennae  there 
is  a transverse  suture,  and  three  minute  hairs  on  each  side  in  front 
of  the  suture.  Lateral  margins  of  hind-head  almost  parallel  with  one 
minute  hair.  At  each  latero-posterior  angle  there  is  a long  bristle 
and  two  short  ones  above  it,  and  on  each  side  of  the  meson  in  the 
occipital  area  there  is  a minute  hair.  On  the  venter  there  is  a row  of 
four  short  hairs  in  front  of  the  antennae,  and  a longer  pair  between 
the  antennae.  Antennae  set  a short  distance  back  from  (lie  anterior 
margin;  first  segment  of  normal  size  with  a strong  short  bristle  on  the 
dorsum. 

Thorax  shorter  than  the  head,  with  (he  lateral  margins  convex, 
posterior  margin  concave.  On  (he  posterior  margin  of  the  mesothorax 
there  is  a very  short  spine  just  within  the  spiracle,  and  a much  longer 
bristle  slightly  nearer  (lie  meson.  Sternal  plate  as  in  Pig.  4. 

Abdomen  elongated,  widest  at  (In*  fourth  and  fifth  segments. 
Tergite  i with  two  hairs;  tergite  ii  with  one  row  of  four  hairs; 
tergite  iii  with  one  plate  and  one  row  of  six  hairs;  tergites  iv-vi  each 
with  two  rows  of  seven  to  eight  hairs,  tergite  vii  with  seven  to  eight 
hairs  in  the  first  row  and  six  in  (In*  second.  Klernile  ii  will)  two  rows 
of  hairs,  three  to  five  in  tin*  first  row  and  four  in  the  second;  sfernite 
iii  with  four  to  five  hairs  in  (lie  first  row  and  six  in  the  second; 
sternites  iv-vi  each  with  seven  hairs  in  the  first  row  and  six  in  (he 
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second;  sternite  vii  with  five  to  seven  hairs  in  the  first  row  and  six 
in  the  second.  Gronopods  normal,  each  with  two  short  hairs  and  one 
long  bristle. 

Pleural  Plates. — Those  of'  the  second  segment  divided,  each  with 
a short  seta;  plates  of  the  third  to  sixth  segments  triangular,  each 
with  two  short  setae,  the  outer  setae  on  the  third  segment  are  slightly 
shorter  than  the  inner,  and  on  the  fourth  to  sixth  segments  the  outer 
setae  are  slightly  longer  than  the  inner  ones;  plates  on  the  seventh 
and  eighth  segments  small,  each  with  the  usual  two  long  setae. 

Male. — Total  length,  1.10  mm.  Length  of  head,  0.23  mm.; 
thorax,  0.13  mm.;  abdomen,  0.8  mm.  Breadth  of  head,  0.15  mm.; 
thorax,  0.21  min.;  abdomen,  0.36  mm. 

Tergite  i as  in  the  female;  tergite  ii  with  one  row  of  six  hairs, 
the  one  on  each  side  of  the  median  pair  being  shorter  than  the  others; 
tergites  iii  to  vii  each  with  one  plate  and  one  row  of  eight  to  nine 
hairs,  those  on  each  side  of  the  middle  pair  being  shorter  than  the 
rest;  tergite  vii i with  one  row  of  four  hairs.  Sternite  ii  with  two 
rows  of  hairs,  three  to  four  in  the  first  row  and  four  in  the  second; 
sternite  iii  with  two  plates  and  two  rows  of  hairs,  the  anterior  with 
three  to  four  hairs  and  the  posterior  with  four  to  six;  sternites  iv  to 
vii  each  with  one  plate  and  one  row  of  four  hairs;  sternite  viii  with 
two  admedian  hairs. 

Genitalia  as  in  Fig.  5;  the  basal  plate  is  narrow,  the  parameies 
are  short  and  the  pseudopenis  elongated. 

Described  from  several  females  and  males  taken  from  a Praomys 
ntimaqu easts  monticulans  Jameson  (family  Muridae)  at  Onderstepoort 
by  the  writer  on  the  1st  August,  1927. 

Holotype:  a female. 

This  new  species  belongs  to  the  spinulosa  group,  and  can  be  easily 
distinguished  from  the  other  members  by  the  pleural  plates  and 
shape  of  the  head,  which  closely  resembles  that  of  P.  otomydis 
Cumins. 

3.  Polyplax  water, stoni  Bedford. 

P.  waiterstoni  Bedford,  Sixth  and  Seventh  Repts.  Dir.  Yet.  Res., 
Un.  S.  Air.,  pp.  715-6,  f.  1,  2,  4,  5 (1919). 

P.  waterstoni  (Bedford)  Ferris,  Stanf.  Unix.  Puhl.,  II,  iv,  p.  193-6, 
f.  121,  122  (1923). 

Several  females  and  males  taken  off  Mastomys  concha  A.  Smith 
(multimammate  mouse)  by  the  writer  at  Onderstepoort  and  Sycamore 
in  the  Transvaal  in  1927. 

4.  Polyplax  ctjmmingsi  Ferris. 

P.  cum/mingsi  Ferris,  Ann.  Durban  Mus.,  I,  pp.  240-3,  f.  25,  26a 

(1916). 

P.  eumming si  Ferris,  Stanf.  Pair.  Publ.,  II,  iv,  pp.  213-5,  f.  136, 

137  (1923). 

Several  females  and  males  collected  by  the  writer  off  Aethomys 
chrysophilus  de  Wint.  (African  rat)  at  Sycamore,  eastern  Transvaal, 
on  the  27th  October,  1927. 
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Genus  Hoplopleura  Enderlein. 

Hoplopleura  Enderlein,  Zoo],  Anz.  XXVIII,  p.  221-223  (1904). 
Hoplopleura  (Enderl.)  Ferris,  Stanf,  TJniv.  PvbL,  lliol.  Sci.,  II, 

ii,  p.  59  (1921). 

1.  Hoplopleura  AEEixis  (11  umieist er ) . 

Bed ir ulus  affinis  Burm.,  “ Rhynchota,”  Gen.  Ins.,  p.  10  (1839). 

Hoplopleura  affinis  (Bunn.)  Ferris,  Stanf.  Unir.  Buhl.,  Biol.  Sc.,  II, 
ii,  pp.  75-79,  f.  42,  43  (1921). 

Males  and  females  taken  by  the  writer  oft'  a rat,  Thallomys  moggi 
Roberts,  at  ( hiderstepoort  in  March,  1927.  This  is  a very  variable 
species.  The  above  specimens  mainly  differ  from  Ferris’  description 
in  the  absence  of  hairs  between  the  sclerites  and  pleurites  on  all  the 
tergites  and  sternites  and  in  size,  the  females  measuring-  1.47  mm. 
and  the  males  1.08  mm.  in  length,  whereas  Ferris  states  that  the 
female  measures  1.1  mm.  and  the  male  0.95  mm. 

2.  Hoplopleura  enormis  enormis  Kellogg  and  Ferris. 

//.  enormis  Kell,  and  Ferris,  Ann.  Durban  Mus.,  I,  p.  155,  pi.  16, 

f.  4-4e  (1915). 

H.  enormis  enormis  (K.  and  F.)  Ferris,  Stanf.  Unir.  Buhl.,  II,  ii, 
pp.  94-95,  f.  57  (1921). 

Several  females  and  one  male  collected  by  the  writer  off 
Lemniscoinys  spinalis  Thos.  (bushveld  striped  mouse)  at  Sycamore 
on  the  3rd  November,  1927.  Originally  described  from  specimens 
taken  oft  Arricanthis  dorsalis  = L.  spinalis  in  Zululand. 

3.  Hoplopleura  biseriata  Ferris. 

//.  biseriata  Ferris,  Stanf.  Unir.  Buhl.,  II,  ii,  pp.  103,  104,  f.  64a 

(1921). 

Two  females  taken  oft  Tateroma  angolae,  a gerbille,  in  South- 
West  Africa.  This  species  was  described  from  a single  female  taken 
off  Malaeothri.r  typicus  typicus  A.  Smith  (typical  large-eared  mouse) 
at  Bothaville,  Orange  Free  State. 

Genus  Bathyergicola  nov.  gen. 

Eyes  absent.  Antennae  five-jointed,  not  sexually  dimorphic. 
Thorax  slightly  wider  than  head,  rounded  posteriorly,  without  a 
sternal  plate.  Fore  and  mid  legs  equal  in  size,  hind  legs  slightly 
larger;  tibiae  produced  into  a thumb-like  process  opposite  the  claw. 
Abdomen  oval,  each  segment  except  the  last  with  a row  of  long  hairs 
on  the  dorsum  and  venter;  tergal  and  sternal  plat es  absent;  pleural 
plates  present  on  the  second  to  sixth  segments. 

Hosts. — Rodents  known  as  “ mole  rats  ” belonging  to  the  family 
Bathyergidae. 

Geno-type : Bathyergicola  hilh  nov.  sp. 


SOUTH  AFRICAN  AXOPLURA. 


1.  Bathyergicola  hilli  nov.  sp. 

(Figs.  6,  7,  7a,  and  8.) 

Female. — Head  ( Fig.  0)  elongated,  with  the  antennae  situated  a 
short  distance  behind  anterior  margin;  forehead  rounded  in  front 
with  prominent  prae-antennal  angles;  on  the  anterior  margin  there 
are  four  minute  hairs,  and  two  similar  hairs  behind  them  on  the 
dorsum;  post-antennal  area  with  lateral  margins  sub-parallel;  on 
each  margin  there  are  three  short  hairs,  one  above  the  other,  and  a 
long  bristle  at  the  latero-posterior  angle;  on  the  ventral  surface  there 
is  a hair  on  each  side  just  below  the  base  of  the  antenna;  occipital 
area  entering  a V-shaped  groove  in  the  thorax.  Antennae  with  the 
first  joint  the  largest;  second  joint  slightly  larger  than  each  of  the 
three  apical  joints,  which  are  sub-equal  in  size. 

Thora.r  with  a short  hair  on  each  side  in  front,  and  one  long 
bristle  on  each  side  of  the  meson  behind.  Ungues  of  fore  and  mid 
legs  equal,  much  smaller  than  those  of  hind  legs. 

Abdomen  ovate,  the  first  to  seventh  segments  each  with  a row 
of  long  hairs  on  the  dorsum  and  venter;  eighth  tergite  and  sternite 
with  two  long  hairs  on  the  posterior  margin;  ninth  tergite  bare 
except  for  four  minute  hairs  behind  the  posterior  margin;  ninth 
sternite  with  a patch  of  about  nine  long  bristles  and  one  spine  on  each 
below  the  gonopod,  which  is  elongated  and  indistinct.  Pleural  plates 
similar,  weakly  developed,  each  with  a long  bristle  and  a short  spine 
as  shown  in  Fig.  7a.  Seventh  and  eighth  segments  with  two  long- 
bristles  at  each  latero-posterior  angle. 

Male. — Differs  from  the  female  as  follows  : The  eighth  tergite 

lias  a row  of  four  hairs;  ninth  tergite  with  about  half  a dozen  small 
spines  in  the  middle  in  front  and  a few  minute  hairs  on  each  side 
beneath  them;  on  the  posterior  margin  there  are  six  hairs  and 
several  minute  ones  close  together.  Male  genitalia  and  genital  plate 
as  shown  in  Figure  8. 

M eas  u re  m en  ts . 

Female.  Male. 


Length. 

Width. 

Length. 

Width 

Head  

0.3 

0.16 

0.27 

0.  is 

Thorax  

0.13 

0.25 

0.13 

0.25 

Abdomen  

1.03 

0.83 

1.01 

0.68 

Total  ... 

1.46 

mm. 

1.41  mm. 

Holotype  : a female. 

Described  from  two  females  and  two  males  taken  off  Georychus 
hottentotus  at  Pietermaritzburg,  Xatal,  on  the  22nd  .June,  1922,  by 
Mr.  Lawrence  Hill,  after  whom  we  have  much  pleasure  in  describing 
tli  is  species. 

2.  Bathyekgicola  lawrensis  nov.  sp. 

(Figs.  7b,  9,  10.) 

Female.  Head  (Fig.  9)  elongated,  forehead  rounded  in  front, 
with  a narrow  transverse  brown  band  on  the  dorsum  in  front  and  a 
similar  band  on  each  side  above  the  base  of  the  antenna;  on  the 
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venter  there  is  a short  longitudinal  band  on  each  side  of  the  mouth- 
parts.  On  the  dorsum  of  the  prae-antennal  area  there  is  a transverse 
row  of  four  short  hairs  in  front  of  the  transverse  band  and  a minute 
one  on  each  side  above  the  lateral  band : on  the  venter  there  are 

several  minute  hairs  in  the  middle  and  four  short  hairs  on  each  side, 
the  two  middle  ones  placed  close  together.  Lateral  margins  of'  post- 
antennal  area  very  slightly  rounded  with  five  hairs,  one  above  the 
other,  the  last  being  the  longest.  ( )n  the  dorsum  there  is  a minute 
hair  on  each  side  between  the  antennae,  two  short  one>  close  together 
some  distance  below  each,  and  another  minute  hair  midway  between 
these  and  the  posterior  margin;  on  the  venter  there  is  a short  hair 
on  each  side  between  the  antennae.  Occipital  area  rounded. 
Antennae  with  a brown  transverse  band  on  each  segment,  the  first 
being  the  largest,  and  the  second  is  slightly  larger  than  each  of  the 
remaining  joints. 

Thora.r  wider  than  head,  witli  a long  hair  on  each  side  of  the 
meson  in  front  of  the  posterior  margin,  which  projects  backwards  in 
the  middle  on  to  the  abdomen. 

Abdomen  ovate,  first  tergite  with  three  irregular  rows  of  long 
hairs  in  the  middle  and  about  ten  long  and  short  one'  on  each  side; 
second  to  eighth  tergites  each  with  a 'ingle  row  of  long  hairs  in  the 
middle  and  one  or  two  on  each  side;  apical  tergite  witli  a narrow 
semi-circular  brown  band;  first  to  seventh  sternites  each  with  a single 
median  row  of  long  hairs,  and  three  or  four  similar  hairs  on  each 
side;  eighth  sternite  with  a small  patch  of  hairs  in  the  middle; 
apical  sternite  with  five  hairs  on  each  between  the  gonopods,  and  a 
tuft  of  hairs  beneath  each  gonopod,  which  is  long  and  narrow. 
Pleural  plates  on  second  segment  each  consisting  of  a small  tooth-like 
lobe;  the  plates  on  the  third  to  sixth  segments  resemble  each  other 
in  shape  and  size  (see  Fig.  7b).  Stigmata  present  on  the  third  to 
eighth  segment. 

Measurements. 

Length.  Width. 

Head  0.45  0.28 

Thorax 0.16  0.46 

Abdomen 1.5  1.86 


Total  2.11  mm. 

Described  from  four  females  taken  off  Bath  yergus  man  tun  ns 
(Intel.,  a mole  rat  occurring  in  the  Cape  Province.  It  is  quite  possible 
this  species  may  ultimately  have  to  be  transferred  to  a new  genus. 

Genus  Lei’IDOPHTHIRtts  Enderlein. 

Lepidophthirus  Enderlein,  Zool.  .4nc.,  XXVIII,  pp.  45.  1 - >7  (1004). 

1.  Lepiijophthiius  macrorhini  Enderlein. 

L.  macrorhini  Enderlein,  Zool.  .4//;.,  XXVIII,  pp.  46,  47,  f.  1-5 

(1904). 

A number  of  males,  females,  and  immature  specimens  taken  off 
a giant  seal  ( Macrorhinus  leoninus)  captured  off  the  coast  near  Cape- 
town (coll.  R.  F.  Lawrence).  This  species  was  described  from 
specimens  taken  off  the  same  host  on  Kerguelen  Island. 


SOUTH  AFRICAN  ANOPLURA. 


Sub-order  MALL( )PHAGA. 

Family  Mkxopokidae  Mjoberg. 

Genus  Menopon  Nitzsch. 

Menopon  Nitzsch,  German's  Mag-,  iii , p.  299  (1818). 

1.  Menopon  tumidum  Piaget. 

Menopon  tumidum  Piaget,  Pedicul .,  Suppl.,  p.  151,  pi.  16,  f.  5 

(1885). 

Menopon  africanvm  Kellogg  and  Paine,  Bull.  Ent.  Res.,  p.  149, 
pi.  5,  f.  3 (1911). 

Menopon  afncanum  transvanlensis  Bedford,  Serenth  and  Eighth 
Reps.  Dir.  Yet.  Res.,  Un.  S.  Afri.,  p.  716  (1920). 

Several  males  and  females  taken  off  Alopochen  aegypticus  L. 
(Egyptian  goose)  at  Tamanzu,  South-West  Africa,  in  March,  1923, 
and  one  female  and  one  male  from  Poecilonefta  erythrorh yncha  Gm. 
(red-billed  duck)  in  South-West  Africa. 

After  having  examined  specimens  from  various  geese  and  ducks, 
including  Electro pterus  gamhensis,  we  have  come  to  the  conclusion 
that  .1/.  afncanum,  Kellogg  and  Paine,  which  was  described  from 
specimens  taken  off  P.  gamhensis  in  the  Sudan,  is  a synonym  of  M. 
tumidum  Piaget,  described  from  males  and  females  taken  off  the 
same  host.  Piaget’s  description  and  figure  differ  mainly  from 
Kellogg  and  Paine’s  in  the  presence  in  the  female  of  two  rows  of 
hairs  on  the  dorsum  of  each  abdominal  segment  instead  of  only  one 
row.  We  know  that  Piaget  was  not  always  reliable  in  describing 
and  figuring  the  ehaetotaxy  of  these  insects,  and  as  the  males  possess 
two  rows  of  hairs  on  t he  dorsum  of  each  abdominal  segment,  except 
the  first  two,  we  consider  it  highly  probable  that  lie  had  a male  in 
front  of  him  when  he  drew  the  ehaetotaxy  of  the  abdomen  of  the 
female  he  figured. 

2.  Menopon  powelli  Bedford. 

Menopon  powelli  Bedford,  Serenth  and  Eighth  Repts.  Dir.  Yet.  Res., 
Un.  8.  Afr.,  pp.  714,  715,  pi.  2,  Fig.  1 (1920). 

Several  males  and  females  collected  from  Chaetopus  adspersus 
Waterli.  (red-billed  noisy  francolin)  and  Pternistis  afcr  Mull. 
(Angora  red-necked  francolin)  on  the  Kunene  River,  S.W.A.,  in 
March,  1923. 

Genus  Numidicola  Ewing. 

Numidicola  Ewing,  Journ.  Wash.  Acad.  Sc.,  XVII,  iv,  p.  90 

(1927). 

1.  Numidicola  antennata  (Kellogg  and  Paine). 

Menopon  anten nat.n in  Kellogg  and  Paine,  Bull.  Ent.  Res.,  II,  p.  150. 
pi.  5,  f.  1 (1911). 

Two  females  and  one  male  taken  off  Numida  papillosa  (guinea- 
fowl)  on  the  Kunene  River,  S.W.A.,  in  March,  1923.  It  has  also 
been  recorded  ( Fifth  and  Si.rth  Repts.  Dir.  Vet.  Res.,  Un.  of  S.  Afri., 
p.  718,  1919)  taken  off  Numida  coronata  in  the  Transvaal,  but  the 
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skin  of  the  bird  from  which  the  specimens  were  collected  is  in  the 
Transvaal  Museum  and  proves  to  lie  N.  papillosa  transvaalensis 
( T r ansvaal  guinea-fowl) . 

Genus  Colpocephalum  Nitzsch. 

Colpocephalum  Nitzsch,  Geirmar’s  Mag.,  iii,  p.  298  (1818). 

I.  C OLPO CEPHALU M VITTATX7M  Rudow. 

Colpocephaluvi  vittatum  Rudow,  Zeit.  f.  ge. s.  Nat.,  XXVII,  p.  469 

(1866). 

Three  females  and  one  male  taken  off  Ardeola  ralloides  Scop, 
(squacco  heron)  on  the  Kunene  River,  S.W.A.,  in  March,  1928.  A 
second  species,  C . zonatum,  has  also  been  described  by  Rudow  (Zeit.  f. 
gen.  Nat.,  XXXIV,  p.  891,  1869),  taken  off  the  same  host. 

Genus  Heleonomus  Ferris. 

Heleonomus,  Ferris,  Canad.  Ent.,  p.  805,  Sept.,  1916. 

This  pen  us  includes  six  species  found  on  cranes. 

1.  Heleonomus  miandrium  (Kellogg). 

Colpoce phalli m miandrium  (part)  Kellogg-,  Rept.  Kilimand.  E.rped., 
No.  15,  iv,  p.  58  (1908). 

One  male  and  one  female  taken  off  Balearica  regulorum  Benn. 
(crowned  crane)  on  the  Kunene  River,  S.W.A.,  in  March,  1928. 
The  female  described  by  Kellogg  has  since  been  named  //.  confusus 
by  Ferris  (Canad.  Ent.,  p.  807,  Sept.,  1916).  Kellogg’s  specimens 
were  taken  off  B.  regulorum  gihhericeps  in  East  Africa. 

Genus  Bucerophagus  nov.  gen. 

Head  wider  than  long;  forehead  gradually  narrowing  from  the 
base  to  the  apex,  the  ventral  portion  projecting  slightly  beyond  the 
dorsum  in  front;  antennal  sinuses  deep;  mandibles  situated  well 
forward;  on  the  ventral  surface  above  the  middle  there  is  a small 
plate  as  shown  in  Figure  11.  Mesonotum  separated  from  metanotum. 
Abdomen  elongate-oval  in  the  female,  oval  in  the  male,  with  well- 
developed  tergal  and  sternal  plates  and  pleurites.  Male  genitalia 
apparently  characteristic,  as  shown  in  Figure  12.  Hind  femora  with 
a patch  of  about  45  hairs  on  the  venter,  and  five  strong  short  hairs 
on  the  posterior  margin;  similar  hairs  also  present  on  posterior 
margins  of  mid-femora. 

Genotype  : Bucerophagus  africanus  nov.  sp. 

Colpocephalum  productum  Nitzsch,  found  on  iiuceros 
abyssinicus  = Bucorvus  abyssi nicus  Bodd.,  should  also  be  included  in 
this  genus.  Owing  to  the  incomplete  description  given,  it  is  impos- 
sible to  state  to  what  extent  it  differs  from  the  new  species  described 
here,  but  judging  from  (Rebel's  figures  of  the  male  and  female  of 
productum  the  two  appear  to  be  distinct. 

Bucerophagus  africanus  nov.  sp. 

(Figs.  11,  11a,  12.) 

Female. — Head  and  thorax  light  brown  with  darker  markings 
of  the  same  colour;  legs  pale  with  dark  marginal  bands;  abdomen 
pale  with  dark  brown  bands  and  pleurites. 

Head  as  shown  in  Figure  11. 
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Thorax. — Tlie  prothorax  is  winged  with  seven  hairs  of  various 
length  on  each  side,  and  eight  long  hairs  on  the  posterior  margin  ; 
transverse  hand  on  dorsum  long  and  narrow  with  a long  liair  at  each 
end.  Mesonotum  gradually  broadening  from  base  to  apex,  with  a 
row  of  eight  long  hairs  on  the  posterior  margin.  Metanotum  same 
shape  as  mesonotum,  and  consisting  of  three  plates,  a broad  median 
one  and  two  narrow  lateral  plates,  the  former  being  separated  from 
the  latter  by  a narrow  line;  on  the  lateral  margins  of  the  median 
plate  there  are  four  hairs,  and  on  the  posterior  margin  of  the 
metanotum  there  is  a row  of  14  long  hairs  and  a short  or  minute  hair 
between  each  long  one.  On  the  ventral  surface  there  is  a well  marked 
median  plate  between  the  mid  and  hind  coxae  (see  Figure  11a). 
Above  this  plate  there  is  a short  longitudinal  plate  on  each  side  of 
the  middle  line,  and  above  each  of  these  a small  patch  of  short  hairs. 

Tjerjs. — -The  coxae  are  sparsely  clothed  with  short  hairs,  and 
coxae  i also  have  a longish  hair  at  the  inner  posterior  angle;  fore  and 
mid  coxae  widely  separated. 

Abdomen  elongate-oval,  being  broadest  at  the  fourth  segment. 
The  tergites  each  with  a brown  transverse  band  and  a row  of  thirty 
longish  hairs  on  the  posterior  margin,  the  outer  hair  on  each  side 
being  considerably  longer  than  the  others;  above  each  outer  hair 
there  are  two  or  three  short  hairs  and  above  these  the  spiracle;  on  the 
apical  tergite  the  plate  covers  the  entire  segment,  and  there  are 
several  short  and  long  hairs  on  the  posterior  and  lateral  margins. 
On  each  sternite  there  is  a brown  transverse  band  covered  with  short 
hairs,  the  hairs  being  more  numerous  on  each  side,  especially  on  the 
fourth  and  fifth  sternites.  The  sternal  plates  are  shorter  than  the 
tergal  plates,  the  latter  separated  from  the  pleurites,  which  are  beset 
with  short  hairs  and  longer  ones  on  the  posterior  margins,  by  a narrow 
pale  line. 

Male; — The  male  resembles  the  female,  except  that  the  abdomen 
is  not  so  elongated,  and  is  widest  at  the  fifth  segment.  The  apical 
tergite  has  a transverse  row  of  about  fourteen  hairs  in  the  middle, 
and  four  longer  ones  on  each  side  on  the  posterior  margin.  On  the 
apical  sternite  there  are  ten  long  hairs  forming  two  rows  on  each 
side,  and  about  six  short  hairs  between  them  in  the  middle. 
Genitalia  as  in  Figure  12. 


Measure  meats . 

Female.  Male. 


Length. 

Width. 

Length. 

Width 

Head  

0.45 

0.58 

0.43 

0.56 

Pronotum 

0.26 

0.5 

0.26 

0.5 

Mesonotum  . . . 

0.11 

0.5 

0.11 

0.5 

Metanotum 

0.10 

0.71 

0.15 

0.66 

Abdomen  

2.05 

1.15 

1.48 

1.03 

Total  ... 

3.03 

mm . 

2.43  mm. 

Holotype  : a female. 

Described  from  females  and  males  taken  off  specimens  of 
Bucorvus  schlegeli  Roberts  (South  African  ground-hornbill)  in  the 
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Zoological  Gardens,  Pretoria,  in  March,  1922;  at  Mafa,  South-West 
Africa,  in  February,  1923,  and  in  the  gardens  at  Groot  Schuur,  Cape- 
town, in  November,  1923.  The  bird  in  the  zoological  gardens  at 
Pretoria  came  from  Rhodesia. 

Genus  Trinoton  Nitzsch. 

Trinoton  Nitzsch,  Germar’s  Magazin,  iii,  p.  300  (1818). 

1.  Trinoton  aouleatum  Piaget. 

T.  acvleatum  Piaget,  P ediculvnes , Suppl.,  p.  136,  pi.  15,  f’.  1 (1885). 

Females  and  males  taken  oil  Sarleidiornis  melanotus  africanus 
Eyt.  (knob-billed  duck)  at  Oncka,  S.W.A.,  in  March,  1923,  also 
from  Dendrpcygna  vvduata  L.  (white-faced  duck)  at  Tamanzu, 
S.W.A.,  in  March,  1923. 

2.  Trinoton  anserinum  (Fabr.). 

Pediculus  anserinus  Fabr.,  Syst.  Anti.,  p.  345  (1805). 

Females  and  males  taken  off  Alopochen  aegyptiacus  L.  (Egyptian 
goose)  at  Tamanzu,  S.W.A.,  in  March,  1923,  and  two  immature 
specimens  from  Plectroptei  us  gambensis  Linne  (spurwing  goose)  on 
the  Ivunene  River  in  March,  1923. 

3.  Trinoton  querquedulae  (Linne). 

Pediculus  querquedulae  Linne,  Syst.  Mot.,  p.  621  (1758). 

Males  and  females  collected  off  Sarkidiornis  melanotus  africanus 
Eyt.  (knob-billed  duck)  at  Oncka,  S.W.A.,  in  March,  1923. 

Genus  Psevdomenoron  Mjoberg. 

P se/udomenopon  Mjoberg,  Arkiv.  f.  Zoologi,  V 1 , p.  50  (1910). 

1.  Pseudomenoron  rostratulae  Bedford. 
Pseudomenopon  cost  rat  ala  Bedford,  Fifth  and  Sixth  Repts.  Dir.  1 ef . 
Res.,  TJn.  S.  Afr.,  pp.  722-723,  pi.  11,  f.  9 (1919). 

Two  females  taken  off  Rostratula  benghalensis  (painted  snipe). 
This  species  was  described  from  specimens  taken  off  the  same 
host  in  the  Rtistenburg  District,  Transvaal. 

Family  Laemobothriidae  Mjoberg. 

Genus  Laemobothrion  Nitzsch. 

Laemobothrion  Nitzsch,  Germar’s  Magazin,  111,  p.  301  (ISIS). 

1.  Laemobothrion  titan  Piaget. 

Laemobothrion  titan  Piaget,  Ped iculines,  p.  578,  pi.  49,  f.  1 (18S0). 
Laemobothrion  africanum  Kellogg,  Sell  iced.  Zool.  Exp.  Kilimanjaro, 
p.  47,  pi.  7,  f.  6 (1910). 

Laemobothrion  gypsis  Kellogg,  Ent.  Aeies,  XVII,  p.  63  (1906). 
Four  females,  one  male,  and  one  immature  specimen  taken  from 
Buteo  vulpinus  Gloger  (B.  desertoru in)  (steppe  buzzard)  at  Kaoko, 
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Otavi,  S.W.A.,  in  March,  1926.  In  the  Veterinary  Research 
Laboratory  collection  there  are  specimens  taken  oft  the  following 
hosts:  Gyps  coprotheres  Foist.  (6f.  kolbei ) (Cape  vulture),  Rusten- 

burg District,  rrransvaal,  4th  October,  1917  ; Pseudogyps  africanus 
fulleboniei  Erl.  (southern  white-backed  vulture).  Rustenburg  District, 
10th  August,  1917;  Pterolestes  rufofuscus  Forst.  (jackal  buzzard); 
Nisaetus  spilogaster  Bp.  (African  hawk-eagle),  Rustenburg  District, 
3rd  October,  1917;  J)I  ileus  aegyptius  parasitus  Daiul.  (Cape  kite), 
Pietermaritzburg,  Natal,  2nd  January,  1910  (coll.  L.  Hill);  and 
Pandion  hahaetus  L.  (osprey).  We  have  also  seen  specimens  from 
Pteroaetus  verreau.ri  Less,  (black  eagle),  Mtabamhlopi,  Natal,  17th 
October,  1921  (coll.  I;.  Hill).  We  have  no  hesitation  in  sinking  both 
T.  africanum  Kellogg  and  L.  gypsis  Kellogg  as  synonyms  of  titan. 
The  former  was  described  from  specimens  taken  off  Pseudogyps  afri- 
canus in  East  Africa,  and  the  latter  from  specimens  taken  off  Gyps 
coprotheres  in  the  Transvaal.  The  immature  forms  of  titan  have  the 
temples  rounded  instead  of  angulated,  and  the  specimens  from  which 
Kellogg  dreu-  up  his  description  of  africanum  were  certainly 
immature.  Kellogg  stated  that  the  main  difference  between  gypsis 
and  titan  was  to  he  found  in  the  abdominal  markings,  but  these 
marking's  vary  according  to  the  age  of  the  specimens.  Too  great  a 
care  cannot  he  exercised  in  describing  highly  clitinized  species,  such 
as  species  of  Laemobothrion , Trinoton , Dennyus,  and  certain  species 
of  Esthiopteruni , such  as  E.  diomedeae  Fabr.,  etc.,  as  these  species 
vary  tremendously  according  to  age;  not  only  are  the  immature  forms 
very  distinct  from  the  adults,  but  young  adults  may  also  appear  quite 
distinct  from  fully  matured  adults.  Not  only  do  these  species  vary 
according  to  age,  but  the  time  they  are  left  in  a clearing  media  may 
also  affect  their  general  appearance. 

2.  Laemobothrion  tinnunouli  (Linne). 

Pediculus  tinnunculi  Linne,  Syst.  Nat.,  p.  612  (1758). 

One  male  taken  off  Cerch  nets  rupicola  Daiul.  (Cape  kestrel)  at 
Haenertsburg,  Transvaal,  15th  July,  1926  (Lawrence  Hill). 

Family  Trichodectidae  Burmeister. 

In  the  majority  of  species  of  Trichodectidae  the  metanotum  is 
divided,  and  in  some  species,  notably  Trichodectes  interrupto- 
fasciatus  Kell,  and  Ferris  and  T . ovalis  Bedford,  the  posterior  division 
appears  to  belong  to  the  abdomen,  and  in  describing  the  latter  and 
other  species  of  Trichodectidae  ( Thirtemith  and  Fourteenth  Repts. 
Dir.  Yet.  Educ.  and  Res.,  pp.  841-857,  1928)  we  erroneously  referred 
to  this  portion  of  the  thorax  as  the  first  abdominal  tergite. 

Cummings  ( Proc . Zool.  Soc.,  London,  p.  283,  1916)  states  that 
in  Euthrichophilus  setosus  and  E.  coendu  the  male  genitalia  are 
quite  of  the  same  type,  and  that  another  type  is  formed  by 
Trichodectes  lotus,  T.  crassus,  and  T.  pinguis,  and  still  another  type 
may  be  seen  in  the  male  genitalia  of  Trichodectes  gastrodes  Cum- 
mings, T . niephitidis  Osborn,  T . geoinydis  Osborn,  and  T.  interrupt o- 
fasciatus  Kell,  and  Ferris.  The  male  copulatorv  apparatus  will 
probably  ultimately  be  found  to  be  of  generic  importance  in  this 
family,  although  it  must  be  admitted  that  at  least  in  a few  closely 
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allied  species  it  differs  markedly.  Another  important  generic 
character  is  t lie  shape  of  the  head  and  ohitinous  bands  on  the  fore- 
head. 

Genus  Trichodectes  Nitzscli. 

T rich ode etc s Nitzsch,  Germans  Mogazin , III,  p.  294  (1818). 

1.  Trichodectes  cooeeyi  nov.  sp. 

(Fig.  13.) 

Female. — Head  wider  than  long,  the  anterior  margin  rounded, 
without  a median  notch.  Antennal  bands  dark,  enlarged  in  front  of 
the  trabecula-like  processes,  which  are  prominent,  and  also  in  front 
where  they  are  separated  by  a narrow  clear  space.  Antennal  sinuses 
shallow.  Ocular  projections  prominent.  Temples  rounded  with  a 
narrow  marginal  band;  the  bands  being  joined  together  by  a broader 
basal  band.  On  the  anterior  margin  there  are  four  hairs  on  each 
side,  the  two  front  ones  being  the  longest.  On  the  dorsum  there 
are  eight  hairs  as  in  the  male  (Fig.  13).  On  the  venter  there  is  a 
broadish  dark  band  extending  backwards  and  outwards  on  each  side 
of  the  forehead;  between  each  band  and  the  margin  there  is  a row 
of  three  short  hairs.  On  the  gular  region  there  is  a ehitinized  plate 
which  is  almost  as  long  as  it  is  broad.  Occipital  bands  indistinct. 
Antennae  with  the  basal  joint  the  shortest;  second  and  third  seg- 
ments subequal. 

Prothorax  very  short  and  broad,  with  a transverse  brown  band 
which  is  constricted  in  the  middle;  on  the  posterior  margin  there  is 
a minute  hair  on  each  side  of  the  meson. 

M etathora.r  broader  than  the  prothorax,  with  a short  hair  on  each 
side  and  two  minute  ones  above  it. 

Abdomen  pale,  oval,  widest  at  the  third  and  fourth  segments; 
sutures  for  the  most  part  indistinct;  spiracles  extremely  small, 
present  on  the  second  to  fourth  segments.  ( hi  the  lateral  margins  of 
the  second  to  eighth  tergites  and  sternites  there  are  one  or  two 
inconspicuous  short  hairs.  On  the  apical  terg-ite  there  is  a very 
narrow  brown  transverse  plate,  and  below  it  a transverse  row  of  six 
short  hairs,  and  two  more  below  them  on  the  posterior  margin.  On 
the  apical  stern ite  there  is  a short  hair  on  each  side  of  the  meson 
below  the  middle  of  the  segment.  The  gonopods  are  very  narrow, 
slightly  curved,  and  do  not  project  beyond  the  margin. 

Male  (Figure  13). — The  male  resembles  the  female,  except  that 
the  antennae  are  slightly  longer,  and  the  abdomen  is  of  a different 
shape  and  has  a narrow  ehitinized  transverse  band  on  (lie  fourth,  fifth, 
and  sixth  sternites;  also  a short,  narrow,  transverse  band  at  (he 
latero-anterior  angles  of  the  abdomen. 

M easy  re  m en  ts . 

Female.  Male. 


Length. 

Width. 

Length. 

Width 

Head  

0.28 

0.36 

0.26 

0.31 

Prothorax 

0.06 

0.26 

0.05 

0.2 

Metathorax 

0.08 

0.31 

0.00 

0.25 

Abdomen 

0.00 

0.61 

0.54 

0.48 

Total  .. 

1.08  mm. 

0.91  mm. 
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Holotype : a male. 

Described  from  males  and  females  taken  off  a suricate  ( Suricatn 
suricatta  hamiltoni ) shot  in  the  Pretoria  District  by  Prof.  It.  A. 
Cooley  on  the  18th  September,  1928. 

This  species  is  quite  distinct  from  other  species  known  to  occur 
on  animals  belonging  to  the  family  Yiverridae.  It  will  probably 
ultimately  have  to  be  placed  in  another  genus,  but  for  the  time  being 
we  are  obliged  to  place  it  in  Trichodectes  as  we  have  not  had  an 
opportunity  of  comparing  it  with  T.  canis  Degeer,  the  type  of  the 
genus. 


2.  Trichodectes  ovalis  Bedford. 

7.  ovalis  Bedford,  Thirteenth  and  Fourteenth  Repts.  Dir.  Vet.  Res., 

S.  Afr.,  II,  pp.  481,  482,  pi.  II,  f.  4,  pi.  Ill,  f'.  7 (1928). 

Three  females  taken  off  Ictony.r  striatus  (stink  muisliond)  in 
s.W.A.  W e have  also  seen  specimens  collected  on  the  same  host  in 
Xatal  by  Mr.  Lawrence  Hill.  This  species  was  described  from 
specimens  taken  off  Poeciloyale  albinucha  at  ( hiderstepoort,  near 
Pretoria. 


Genus  Tricholipeurus  nov.  gen. 

Head. — Long  and  narrow;  forehead  with  lateral  margins  straight 
or  almost  so,  wider  behind  than  in  front.  Frontal  sinus  narrow, 
emarginated,  with  two  plates  separated  by  a narrow  clear  space: 
antennal  bands  extending  forward  to  the  latero-anterior  angles;  on 
the  ventral  surface  of  forehead  a pair  of  narrow  admedian  bands 
extending  backwards  in  a straight  line  either  from  the  latero-anterior 
angles  or  base  of  marginal  plate  to  the  mandibles,  where  they  turn 
outwards.  Temples  with  lateral  margins  either  almost  straight  or 
slightly  convex,  slightly  wider  in  the  female  than  in  the  male. 

Occipital  bands  elongated,  almost  straight  and  parallel;  similar 

bands  present  on  venter.  Occiput  with  a marginal  band  connecting 
the  occipital  bands  together.  Antennal  sinuses  shallow  in  the  female, 
wide  in  the  male.  Antennae  3-jointed  in  both  sexes;  first  joint  of 
male  elongated,  as  long  as  or  longer  than  the  second  and  third 

together;  third  joint  of  male  with  two  small  spines  on  the  inner 

surface  near  the  apex. 

Thorax  not  winged,  widening  very  gradually  from  base  to  apex. 
Pronotum  short  with  a pair  of  stigmata  at  the  latero-posterior  angles. 
Between  the  fore  and  mid  coxae  a transverse  acetabular  bar  running 
in  from  the  side. 

Abdomen  elongated  and  narrow,  usually  with  crenulated 
margins.  Segments  with  a transverse  brown  band  and  a row  of 
minute  pustulated  hairs  on  the  dorsum  and  venter.  (The  males  of  7. 
trabeculae  and  7 . reduncae  possess  two  transverse  bands  on  each  of 
the  tergites  ii  to  vi.)  Stigmata  large,  present  on  segments  ii  to  vii. 

Species  found  on  antelopes. 

Genotype  : Tricholipeurus  aepycerus  nov  sp. 

This  genus  also  includes  7.  cornutus  Gerv.,  7 . lineatus  Bedford, 
T.  bedfordi  Hill,  and  T.  reduncae  nov.  sp. 
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1.  Trtciiolifevrus  AEPYCERFS  110V.  sp. 

(Figs.  14,  15,  18.) 

Made. — Head  (Fig.  15)  light  brown,  paler  in  front  and  behind 
the  mandibles,  with  reddish-brown  bands  and  mandibles.  Forehead 
with  about  nine  hairs  on  each  lateral  margin,  and  a transverse  row 
of  ten  minute  pustulated  hairs  on  the  dorsum,  two  on  each  side  below 
the  lateral  ones,  and  two  more  on  each  side  near  the  base  of  the 
trabecula-like  process.  Between  the  antennae  there  are  two  more  on 
each  side.  On  each  temple  there  are  seven  to  eight  minute  pustulated 
hairs,  and  in  the  middle  of  the  hind  head  there  is  a transverse  row 
of  six.  On  the  ventral  surface  there  are  three  on  each  side  of  the 
forehead,  and  four  more  on  each  side  above  the  base  of  the  mandibles. 
Trabecula-like  processes  triangular.  Temples  with  a narrow  marginal 

band,  the  hand  being  wider  and  darker  in  front  of  the  eye.  Sig- 
nature on  gular  region  triangular.  First  segment  of  antennae  broad, 
longer  than  the  second  and  third  together,  which  are  of  approximately 
equal  length;  third  joint  with  a row  of  very  minute  spines  along  the 
inner  edge. 

Thorax  same  colour  as  head,  with  a narrow  lateral  dark  band. 

Pronotv  in  with  two  minute  pustulated  hairs  on  each  side  of  the 
meson,  four  on  each  side  on  the  posterior  margin,  and  one  on  each 
lateral  margin.  Metanotum  with  a row  of  23  similar  hairs  on  the 
posterior  margin.  The  acetabular  bars  extend  hack  and  widen  out 
between  the  mid  coxae.  Above  the  hind  coxae  there  is  a small  pustu- 
lated hair  on  each  side  of  the  middle. 

Leys  with  the  mid  tibiae  longer  and  narrower  than  the  fore  and 
hind  tibiae. 

Abdomen  elongated  and  narrow  with  crenulated  lateral  margins; 
white  in  colour  with  a brown  transverse  hand  and  a row  of  minute 
pustulated  hairs  on  the  dorsal  and  ventral  surfaces  of  each  segment ; 
tergite  i with  a narrow  marginal  hand;  tergites  ii  to  vii  with  a short 
comma-shaped  chitinous  bar  in  front  of  each  spiracle;  close  to  these 
bars  and  nearer  the  middle  there  is  a short,  forked,  chitinous  spot. 
Spiracles  large.  Tergite  vii i with  six  hairs  above  the  row  on  the 
posterior  margin.  Apical  tergite  with  a narrow  marginal  band 
fringed  with  minute  hairs  on  the  posterior  margin,  and  with  six 
hairs  in  the  middle.  On  the  last  three  sternites  there  is  a narrow 
longitudinal  band  on  each  side  of  the  genitalia.  Male  genitalia  as  in 
Figure  14. 

Female. — Head  as  in  the  male,  except  that  the  hind  head  is 
slightly  wider.  First  joint  of  antennae  slightly  broader  than  the  last 

two,  as  long  as  the  second;  third  joint  the  longest. 

Thorax  and  legs  as  in  the  m:  lie. 

Abdomen  without  forked,  chitinous  spots  on  the  tergites;  tergite 
viii  with  two  short  pustulated  hairs  in  the  middle,  and  two  more  close 
together  on  each  side  between  them  and  the  lateral  margin;  apical 
segment  bilobed  with  four  hairs  on  each  lobe;  venter  as  shown  in 
Figure  18. 
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M easu  rein  en  ts . 

Male.  Female. 


Head  

Length. 

0.6 

Width. 

0.42 

Length. 

0.61 

Width. 
0.48  at 

Protliorax 

0.07 

0.32 

0.07 

temples 

0.34 

Metathorax  .. 

0.14 

0.35 

0.14 

0.4 

Abdomen 

1.49 

0.56 

1.58 

0.65 

Total  ...  2.3  mm.  2.4  mm. 

Holotype  : the  male. 

Described  from  one  male  and  one  female  taken  off  Aepyceros 
melampus  (impala),  Kunene  River,  S.W.A.,  March,  1923.  It  can 
be  distinguished  from  T.  lineatus  Bedford  and  T . bedfordi  Hill  by  the 
male  genitalia,  the  large  stigmata  on  the  abdomen  and  comma-shaped 
markings  above  them,  and  also  by  the  tibiae.  In  lineatus  the  mid  and 
hind  tibiae  are  narrow  and  equal  in  length,  the  mid  being  very 
slightly  narrower  than  the  hind  tibiae.  In  bedfordi  the  mid  and 
hind  tibiae  are  equal  in  length  and  width,  and  shorter  and  broader 
than  in  lineatus. 

TrICIIOI.IPEURUS  TRAIIECULAE  I10V.  Sp. 

(Figs.  17a,  17c,  19.) 

Male. — Head  light  brown,  paler  in  front  of  the  mandibles,  with 
reddish-brown  bands  and  mandibles.  Frontal  plates  with  rounded 
outer  margins.  Forehead  with  three  or  four  minute  hairs  on  each 
lateral  margin,  and  on  the  dorsum  there  are  about  10  minute 

pustulated  hairs  between  each  antennal  band  and  frontal  plate,  a 
transverse  row  of  six  below  the  plates,  and  six  more  on  each  side  above 
the  base  of  the  antennae.  Between  the  antennae  there  are  two  more  on 
each  side.  On  each  temple  there  are  about  fourteen  minute  pustulated 
hairs,  and  in  the  middle  of  the  hind  head  there  is  a transverse  row 
of  nine  similar  hairs.  On  the  ventral  surface  there  are  several  very 
minute  pustulated  hairs  in  the  area  between  each  antennal  and 

admedian  band,  two  larger  ones  on  the  latter  band  where  it  turns  out- 
wards, and  one  at,  the  base  of  each  antenna.  Trabecula-like 

processes  with  an  acute  angle  at  their  apices.  First  segment  of 
antennae  about  twice  as  long  as  broad,  about  same  length  as  the 
second  and  third  together;  apical  joint  very  slightly  longer  than 
second,  with  a row  of  very  minute  spines  along  inner  margin. 

Temples  with  a narrow  marginal  band,  the  band  being  wider  and 
darker  in  front  of  file  eye.  Signature  on  gular  region  triangular. 

Thorax  same  colour  as  head  with  a narrow  lateral  band. 

Pronotum  with  two  minute  pustulated  hairs  on  each  side  of  the 
meson,  four  on  each  side  on  fhe  posterior  margin,  and  one  on  each 
lateral  margin. 

Meta-thorax  with  a narrow  transverse  band,  which  is  interrupted 
in  the  middle  where  it  turns  forward,  and  a row  of  sixteen  hairs  on 
the  posterior  margin.  The  acetabular  bars  extend  backwards  and 
widen  out  between  the  mid  coxae.  Above  the  hind  coxae  there  is  a 
small  pustulated  hair  on  each  side  of  the  meson. 
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Legs  witli  the  mid  and  hind  tibiae  short  and  broad,  the  latter 
very  slightly  broader  than  the  former. 

Abdomen  elongated  with  crenulated  lateral  margins;  white  in 
colour  with  dark  brown  bands.  Tergite  i with  one  transverse  band 
and  a row  of  short  pustulated  hairs.  Tergite  ii  to  vi  each  with  two 
transverse  bands  and  a row  of  hairs  between  them,  the  anterior  bands 
being  more  highly  ehitinized  at  their  antero-lateral  margins,  and  the 
posterior  bands  are  smaller.  Tergites  vi i and  viii  each  with  one 
transverse  band;  tergite  ix  with  a very  narrow  band  on  the  posterior 
margin  and  a few  short  hairs.  Pleural  plates  indistinct,  with  a few 
pustulated  hairs.  Stigmata  of  medium  size.  Sternites  each  with  one 
transverse  band  and  one  row  of  hairs,  except  on  the  first.  Sternites 
vi  and  vii  also  with  a narrow  longitudinal  band  on  each  side  of  the 
middle. 

Female. — Head  wider  at  the  temples  than  in  the  male. 
Trabecula-like  processes  normal.  First  joint  of  antennae  the 
shortest,  slightly  broader  than  the  last  two,  which  are  sub-equal  in 
length.  Thorax  and  legs  as  in  the  male.  Abdomen  with  a trans- 
verse band  and  one  row  of  hairs  on  each  dorsal  and  ventral  segment, 
except  the  last.  Apical  sternite  with  two  plates  as  shown  in  Fig.  19. 
The  pleurites  more  distinct  than  in  the  male. 

Measure  men  ts. 

Male.  Female. 


Head  

Length. 

0.41 

Width. 

0.32 

Length. 

0.42 

Width. 
0.36  at 

Prothorax 

0.08 

0.25 

0.10 

tempi 

0.28 

Metathorax  . . 

0.10 

0.27 

0.11 

0.31 

Abdomen 

0.98 

0.38 

1.00 

0.45 

Total  .. 

1.52 

mm. 

1.63  mm. 

Holotype : a male. 

Described  from  two  males  and  two  females  taken  off  Redunca 
fulvorufula  (mountain  reedbuek),  Mfongosi,  Zululand.  Phis  species 
has  erroneously  been  recorded  under  the  name  T.  eornutus  (ierv.,  bul 
it  is  very  distinct;  the  latter  being  more  closely  allied  to 
1 . aepycerus.  From  T.  lineatus  Bedf.,  T.  aepycerns,  and  1 . bedfordi 
the  females  of'  trabeculae  can  be  distinguished  by  the  apical  sternite, 
and  the  males  by  the  shape  of  the  trabeculae,  presence  of  two  trans- 
verse bands  on  the  median  tergites,  and  also  by  the  male  genitalia. 

Tricholipeurus  reduncae  nov.  sp. 

(Figs.  10,  17,  17b.) 

This  species  is  very  closely  allied  to  trabeculae,  from  which  it  can 
be  distinguished  as  follows:  — 

(1)  Head  of  female  broader,  being  about  as  broad  as  long. 

(2)  Bands  darker,  especially  the  transverse  bands  on  the 
abdomen. 
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(3)  Pleurites  well  developed  and  stigmata,  especially  in  the 
male,  larger  (compare  Figs.  17  b and  c,  both  drawn  to 
same  scale). 

(4)  Male  genitalia  longer  and  endomeres  slightly  different  in 
shape  (Figure  17). 

In  the  male  the  posterior  bands  on  tergites  ii  to  vi  are  darker 
than  the  anterior  bands,  the  fifth  and  sixth  being  interrupted  in  the 
middle. 


Measu  re  incuts . 


Male. 


Female. 


Length. 

Width. 

Length. 

Width 

Head  

0.40 

0.35 

0.41 

0.40 

Prothorax 

0.10 

0.3 

0.1 

0.30 

Metathorax  .. 

0.11 

0.31 

0.11 

0.38 

Abdomen 

1.00 

0.45 

1.11 

0.63 

Total  .. 

1.01 

mm. 

1.73  mm, 

Holotype:  a male. 

Three  males  and  several  females  taken  off  Red  tinea  arundinum 
Bod.  (reedbuck)  by  the  author  at  Emakosini,  N.  Zululand,  on  the 
29th  October,  1924.  These  specimens  have  also  been  erroneously 
recorded  under  the  name  T.  cormitus  Grerv. 


Genus  Bovidoecus  nov.  gen. 

Head  either  very  slightly  broader  than  long,  or  almost  as  broad 
as  long.  Forehead  rounded,  either  very  slightly  convex  or  concave 
in  front,  with  a narrow  marginal  hand  which  is  slightly  wider  in 
front  and  interrupted  in  the  middle  by  a very  narrow  pale  area, 
except  in  limbatus.  Temples  rounded.  On  the  venter  of  the  forehead 
there  is  a pair  of  admedian  bands,  each  extending  backwards  and 
outwards  from  the  anterior  margin  to  the  lateral  margins.  Occipital 
bands  project  forwards  and  then  outwards  to  the  latero-posterior 
margins  of  forehead;  similar  bands  present  on  the  venter.  (In 
limbatus  these  bands  are  absent.)  Occiput  with  a marginal  band. 
Antennal  sinuses  shallow  in  the  female,  wider  in  the  male.  Antennae 
situated  either  in  the  middle  of  the  head  or  well  forward  {limbatus)-, 
3-jointed,  basal  joint  similar  in  both  sexes,  except  in  oris  it  is  slightly 
larger  in  the  male,  much  shorter  than  second  and  third  joints 
together;  third  joint  of  male  with  a pair  of  very  small  spines  on  the 
inner  surface  near  the  apex. 

Thorax  narrower  than  head.  Prothorax  with  rounded  lateral 
margins.  Metathorax  wider  in  front  than  behind;  lateral  margins 
rounded  anteriorly.  Between  the  fore  and  mid  coxae  a transverse 
acetabular  bar  running  in  from  the  side. 

Abdomen  ovate.  Segments  with  a transverse  brown  band  and  a 
row  of  small  pustulated  hairs  on  the  dorsum  and  venter;  also  a few 
similar  hairs  sometimes  present  above  the  row  and  at  the  sides 
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between  the  pleurites  and  bands.  (In  limbatus  the  hairs  are  very 
numerous.)  Stigmata  present  on  segments  ii  to  vii.  Pleurites  well 
developed.  Species  found  mainly  on  Bovidae,  also  on  equines. 

Genotype:  7.  bovis  Linne. 

In  this  genus  must  also  be  included  7.  caprae  Guilt.,  7 . painei 
Kellogg  and  Nakayama,  T.  ovis  Linne,  T.  equi  Linne,  T.  peregrinus 
Tasch.,  and  T.  limbatus.  The  relationship  of  the  last  named  to  the 
other  species  appears  to  be  the  same  as  is  the  relationship  between 
Syrr/iaptoecus  brevifrons  Waterston  and  the  other  known  species  ol' 
Sy rrh apt o ecus.  T.  harrisoni  Cummings  found  on  Connochaetes  gnu 
(black  wildebeest)  may  be  distinct,  but  should  be  included  here  for 
the  prelent.  The  apex  of  the  abdomen  of  the  male  is  very  different, 
and  the  male  genitalia  appear  to  be  of  a distinct  type. 


Genus  Felioinia  nov.  gen. 

Small  species  (males  0.92 — 1.35  mm.;  females  1.15 — 1.56  mm.) 
Head  about  as  long  as  broad;  forehead  conical,  slightly  emarginated 
in  front,  antennal  bands  broad,  separated  in  front  by  a clear  space, 
and  projecting  backwards  for  a short  distance  on  each  side  of  the 
median  area.  Trabecula-like  processes  prominent.  Antennal  sinuses 
shallow  in  the  female,  usually  broader  in  the  male.  Temples  rounded 
with  a narrow  marginal  band.  Occipital  bands  dark  at  their  bases, 
and  becoming  indistinct  in  the  middle  of'  the  head;  similar  bands 
present  on  the  venter  extending  forwards  to  the  latero-posterior 
margins  of  the  forehead.  First  joint  of  antennae  either  equal  in  both 
sexes  ( subr.ostratMS  and  acutirostris)  or  larger  in  the  male  than  in  the 
female;  third  joint  of  male  either  with  or  without  a pair  of  minute 
spines  on  the  inner  margin  near  the  apex.  Signature  on  gular  region 
triangular. 

Prothorax  narrower  than  the  head  with  rounded  lateral  margins 
and  a pair  of  stigmata  at  the  latero-posterior  angles. 

Metathorax  about  as  wide  as  the  head  and  shorter  than  the  pro- 
thorax with  rounded  lateral  margins.  Between  the  fore  and  mid 
coxae  a transverse  acetabular  bar  running  in  from  the  side  and  joined 
• together  in  the  middle;  each  bar  also  has  a branch  extending  back- 
wards a short  distance  between  the  mid  coxae. 

Abdomen  differs  in  shape  in  both  sexes;  in  the  female  it  is  oval, 
and  the  last  segment  is  bilobed  at  the  apex;  in  the  male  i!  is  either 
rounded  or  pointed  posteriorly.  Tergites  i to  vii  each  with  a trans- 
verse brown  band,  these  bands  being  duplicated  on  (lie  median  seg- 
ments in  some  males.  Idle  median  sternites  each  with  a row  of 
minute  pustulated  hairs  and  with  or  without  a band.  Pleurites  only 
developed  on  the  first  to  third  segments.  Stigmata  present  on  tin* 
second  to  fourth  segments. 

Species  found  on  Felidae  and  Viverridae. 

Genotype  : 7 . subrostratus  Nitzsch. 

In  this  genus  must  also  be  included  : T.  aeutirostris  Stobbe, 

7’.  cynietis  Bedf.,  7 . ealogaleus  Bedf.,  7.  ra/ninei  Stobbe,  7.  mangos 
Stobbe,  7.  inaequalis  Piaget,  and  7 . vixerriculae  Stobbe. 
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Family  Philopteridae  Burmeister. 

Genus  Goniohes  Nitzsch. 

Goniodes  Nitzsch,  Genital's  Magazin,  III,  p.  293  (1818). 

1.  Goniodes  numidae  Mjoberg. 

G.  numidae  Mjoberg,  Arkiv.  f.  Zoologi,  vi,  p.  103,  f.  GO,  G1  (1910). 

Two  females  taken  off  Nuinida,  papillosa  (guinea-fowl),  Kunene 
River,  S.W.A.,  March,  1923.  We  have  also  recorded  it  taken  off 
Numida  coronata  at  Bridgewater,  Transvaal,  but  the  skin  of  the  bird 
from  which  the  specimens  were  collected  is  in  the  Transvaal  Museum, 
and  proves  to  be  Au  mid  a papillosa  trail  svaalensis  Neum. 

2.  Goniodes  scleroptilus  nov.  sp. 

(Fig.  20.) 

Two  females  and  one  male  taken  off  Scleroptila  gariepensis 
pallid ior  Neum.  (Ovambo  partridge)  on  the  Kunene  River,  S.W.A., 
in  March,  1923. 

This  new  species  resembles  G.  dispar  Nitzsch,  G.  flaviceps 
Rudow,  and  G . assimilis  Piaget  in  the  shape  of  the  head,  thorax,  and 
abdomen.  G.  dispar,  found  on  Perdu:  perdix  (European  partridge), 
can  be  distinguished  by  the  lateral  bands  on  the  abdomen  not  having 
an  appendage  in  front.  In  G.  assimilis,  which  was  described  from 
specimens  t -> ken  off  Chaetopus  capensis  (Cape  noisy  francolin),  only 
the  lateral  bands  on  the  last  segment  have  an  appendage,  and  in 
G.  flaviceps,  found  on  Perdix  rubra  (European  red-legged  partridge), 
and  G.  scleroptilvs  the  bands  on  all  the  segments  have  an  appendage. 
In  G.  flaviceps  these  bands  terminate  in  a circular  spot,  whereas  in 
G.  scleroptilus  the  spots  are  rectangular  and  lie  beneath  the  bands. 
Male  genitalia  as  in  Figure  20. 


Head  

Prothorax 
Metathorax  ... 
Abdomen 

Total  ... 


.1/ easurevients. 
Female. 


.ength. 

Width 

0.85 

1.1 

0.13 

0.5 

0.33 

0.71 

1.5 

1.48 

2.81 

mm. 

Male. 

Length.  Width 

0.71  0.93 

0.11  0.42 

0.3  0.6 

1.03  1.18 

2.15  mm. 


3.  Goniodes  pternistis  nov.  sp. 

(Fig.  21.) 

Several  males  and  females  taken  off  Pternistis  swainsoni  A 
Smith  (Swainson’s  red-necked  francolin)  in  the  Zoological  Gardens 
Pretoria,  on  the  4th  November,  1925.  This  species  is  very  closely 
allied  to  G.  scleroptilus,  the  males  being  distinguished  by  the  geni- 
talia, and  the  females  by  the  absence  of  a transverse  row  of  small 
spines  on  the  ventral  surface  of  the  seventh  abdominal  segment.  The 
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female  of  G.  jiaviceps  also  possesses  a row  of  similar  spines  on  the 
seventh  stern ite,  but  in  this  species  they  are  arranged  in  a semi- 
circular line  and  number  about  eight,  whereas  in  G.  scleroptilus  there 
are  about  fourteen  spines  arranged  in  an  almost  straight  line  in  front 
of  the  posterior  margin. 


Head  

Prothorax 
Metathorax  ... 
Abdomen 

Total  ... 


Measu  re  m en  ts . 
Female. 


Length. 

Width 

0.86 

1.15 

0.13 

0.48 

0.33 

0.7 

1.5 

1.45 

2.82 

mm. 

Male. 

Length.  Width, 

0.71  0.93 

0.11  0.4 

0.28  0.56 

1.00  1.18 

2.10  mm. 


Genus  Goniocotes  Burmeister. 

Goniocotes  Burmeister,  Handb.  dev  Ento .,  II,  p.  43  (1838). 

1.  Goniocotes  gallinae  Betz. 

One  female  taken  off  Nuntida  paptllosa  (guinea-fowl),  Kunene 
River,  S.W.A.,  March,  1923.  It  has  also  been  recorded  by  us  taken 
off  Numida  coronata  in  the  Transvaal,  but  the  bird  proved  to  he 
A . paptllosa  transvaalensis  Neum. 

2.  Goniocotes  gigas  Taschenberg. 

G.  gigas  Taschenberg,  Zeit.  f.  ges.  Nat.,  LII,  p.  104,  PL  1,  f.  10 

(1897). 

Males  and  females  taken  off  Numida  paptllosa  (guinea-fowl), 
Kunene  River,  S.W.A.,  March,  1923.  We  have  also  recorded  it 
found  on  N.  coronata  at  Bridgewater,  Transvaal,  the  host  proving  to 
be  N.  paptllosa  transvaalensis  Neum.  It  is  a common  parasite  on  the 
domestic  fowl. 

Genus  Lipeurus  Nitzsch. 

Lipeurus  Nitzsch,  Gerntar's  Magazin,  III,  p.  292  (1818). 

1.  Lipeurus  uawrensis  nov.  sp. 

(Figs.  22,  23,  23a,  24.) 

Male. — Head  (Figure  22)  elongated,  rounded  in  front;  pale 
brown  in  colour  with  dark  brown  markings  and  black  bands;  on  I lie 
venter  of  the  forehead  there  are  four  hairs  situated  a short  distance 
behind  Ibe  anterior  margin,  and  one  on  each  side  below  them.  Sig- 
nature on  gular  region  long  and  narrow  and  dark  brown  in  colour. 

Thorax  pale  with  dark  brown  lateral  margins.  I’ronohnn 
narrower  than  the  head  with  sides  almost  parallel,  and  a longish 
hair  at  each  latero-posterior  angle.  Metanotum  broader  than  the 
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pronotuin,  the  anterior  third  being  narrower  than  the  posterior  two- 
thirds,  with  a narrow,  dark,  median,  longitudinal  band  extending 
backwards  from  the  middle  on  to  the  first  tergite ; at  each  latero- 
posterior  angle  there  is  a hair,  and  a short  distance  from  each  and 
slightly  nearer  the  middle  there  are  four  long  hairs  in  a small  pale 
area.  Sternal  plate  as  in  Figure  22a. 

Abdomen  with  markings  and  hairs  on  the  dorsum  as  shown  in 
Figure  23.  Sternites  i-iii  each  with  a brown  sternal  plate,  and  a 
transverse  row  of  six  hairs  near  the  middle.  On  sternites  iv  to  viii  the 
plates  are  fused  together,  the  plates  on  the  fourth  and  fifth  sternites 
each  have  six  hairs,  on  the  seventh  there  are  two  long  pustulated 
hairs,  and  on  the  eighth  there  are  three  long  hairs  on  each  side  of 
the  meson.  Genitalia  with  elongated  basal  plate  extending  forward 
to  the  third  segment.  Figure  23  shows  the  apex  of  the  abdomen 
before  mounting,  and  Figure  23a  after  mounting. 

Female. — Shorter  but  slightly  wider  than  the  male.  Head  and 
thorax  as  in  the  male.  Antennae  with  the  Hrst  joint  short  and 
narrow,  the  second  joint  the  longest,  the  third  slightly  longer  than 
either  of  the  two  apical  joints. 

Abdomen  with  markings  and  hairs  on  the  dorsum  as  shown  in 
Figure  24.  Sternal  plates  smaller  than  those  of  the  male  and  not 
fused  together,  except  those  on  sternites  vi  and  vii ; each  plate  with 
a median  row  of'  four  hairs.  On  sternites  v to  viii  there  is  a narrow 
longitudinal  band  on  each  side  between  the  plates  and  lateral 
margins;  the  bands  being  broadest  on  the  seventh  sternite  where  they 
are  forked  in  front. 


Head 

Prothorax 
Metathorax  ... 
Abdomen 


Total  . . . 


Mea 

sure  meats. 

Male. 

Female 

Length. 

Width. 

Length. 

Width 

0.T8 

0.55 

0.83 

0.58 

0.25 

0.45 

0.23 

0.46 

0.46 

0.7 

0.45 

0.72 

2.45 

0.8 

2.11 

0.95 

3.94 

mm. 

3.62  mm. 

Holotype : the  male. 

Described  from  one  male,  one  female,  and  one  immature 
specimen  taken  off  a guinea-fowl,  Xumida  papillosa,  on  the  Kunene 
River,  SAY. A.,  in  March,  1923.  Th  ree  other  species  have  been 
described  from  guinea-fowl,  namely,  A.  numidae  Denny,  /).  different 
Piaget,  and  L.  nvmidianus  Mjoberg,  but  this  new  species  can  easily 
be  distinguished  from  these,  inter  aha , by  the  abdominal  markings. 

2.  Impeurus  pternistis  nov.  sp. 

(Figs.  25,  25a,  26.) 

Female. — Head  (Fig.  25)  elongated,  rounded  in  front,  pale 
brown  in  colour  with  brown  markings  and  dark  brown  marginal 
bands;  on  the  venter  of  forehead  there  are  four  hairs  situated  a 
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short  distance  behind  the  anterior  margin,  and  two  more,  one  on  each 
side,  below  them.  Signature  on  gular  region  about  twice  as  long  as 
broad. 

Thorax  pale  with  dark  brown  lateral  margins.  Pronotum 
narrower  than  the  head  with  sides  almost  parallel,  and  a long  hair  at 
each  latero-posterior  angle.  Metathorax  broader  than  prothorax,  the 
anterior  third  being  narrower  than  the  posterior  two-thirds;  at  each 
latero-posterior  angle  there  is  a hair,  and  on  the  posterior  margin 
there  are  two  pairs  on  each  side,  each  pair  situated  in  a small  pale 
area.  Sternal  plate  as  in  Figure  25a. 

Abdomen  with  markings  and  hairs  on  the  dorsum  as  shown  in 
Figure  2b.  Sternites  i to  v each  with  a transverse  row  of  six  hairs 
in  the  middle.  Sternite  vi  with  a short,  median,  brown,  transverse 
band  and  a pale  brown  longitudinal  blotch  on  each  side  of  it;  on  the 
posterior  margin  of  the  band  there  is  a pair  of  short  admedian  hairs. 
Sternite  vii  with  a longitudinal  chitinous  plate  on  each  side  between 
t lie  meson  and  lateral  margins,  each  plate  terminating  in  a long  dark 
brown  point  which  projects  on  to  the  eighth  sternite;  between  the 
plates  there  are  two  longish  hairs  in  front  and  several  minute  ones 
behind;  apical  sternites  with  several  minute  hairs  and  a short  thick 
one  on  each  side  below  the  plates  on  the  seventh  sternite. 

Male. — Head  and  thorax  as  in  the  female.  Antennae  with  the 
first  joint  about  twice  as  long  as  the  second  and  nearly  twice  as 
broad;  second  joint  longer  than  the  third  and  nearly  as  long  as  the 
fourth  and  fifth  together;  third  joint  with  an  appendage. 

Abdomen  narrower  than  in  the  female.  Tergites  i to  vi  each  with 
a complete  transverse  plate,  which  is  narrowest  in  the  middle,  and  a 
short,  narrow  plate  beneath  it;  the  anterior  plates  are  brown  in  the 
middle  and  pale  at  the  sides,  and  the  posterior  plates  dark  brown  in 
colour,  those  on  tergites  i,  v,  and  vi  being  interrupted  in  the  middle. 
The  anterior  plate  on  the  first  tergite  has  two  hairs  in  front  and  a row 
of  six  behind,  and  on  the  second  to  sixth  segments  each  anterior  plate 
lias  a row  of  four  hairs  on  the  posterior  margin.  Tergites  vii  and  viii 
each  with  a complete  transverse  plate,  that  on  the  seventh  with  a row 
of  four  hairs,  and  on  the  eighth  the  plate  is  wide  with  two  short  hairs 
in  front;  beneath  the  plate  there  are  one  long  and  two  short  hairs 
on  each  side.  Plate  on  apical  tergite  pale  in  the  middle.  Sternite  i 
with  a small  pale  brown  band  in  the  middle  which  has  a row  of  four 
hairs.  Sternites  ii  to  vi  each  with  a pale  brown  transverse  band  and 
a row  of  four  to  six  hairs.  On  sternites  vii  and  viii  there  is  a median 
longitudinal  band  which  joins  the  band  on  the  sixth  sternite;  on  the 
seventh  sternite  the  band  has  a long  pustulated  hair  on  each  side. 
Pleurites  dark  brown.  Male  genitalia  indistinct;  basal  plate  short. 

M easurem  en  ts . 

Female.  Male. 


Length. 

Width. 

Length. 

Width 

Head  

0.55 

0.4 

0.51 

0.36 

Prothorax 

0.11 

0.28 

0.11 

0.20 

Metathorax 

0.18 

0.40 

0.18 

0.08 

Abdomen 

1.20 

0.00 

1.18 

0.45 

Total  .. 

2.10 

mm. 

1.98  mm. 
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Holotype : a female  off  J \ swainsoni. 

Described  from  two  females  and  two  males  taken  off  Pternistis 
srainsoni  A.  Smith  (Swainson’s  red-necked  f'rancolin)  in  the 
Zoological  Gardens,  Pretoria,  on  the  4tli  November,  1925,  also  two 
females  taken  off  Pternistis  afer  Mull.  (Angola  red-necked  f'rancolin), 
Kunene  River,  S.W.A.,  in  March,  1923.  I bis  new  species  appears 
to  be  closely  allied  to  L.  lieterogrammicus  Nitzsch  found  on  Perdix 
perdix  (European  partridge),  from  which  it  can  be  distinguished  by 
the  abdominal  markings. 

Genus  Philopterus  Nitzsch. 

Philopterus  Nitzsch,  German's  Magazin,  TIT,  p.  288  (1818). 

Docophorus  Nitzsch,  ibid.,  TIT,  p.  289  (1818). 

1.  Philopterus  rostratus  (Nitzsch). 

Docophorus  rostratus  Nitzsch  in  Burmeister,  Hand}).,  IT,  p.  427 

(1838). 

Females  and  males  from  Typo  alba  affinis  (Cape  barn  owl), 
Undonga,  S.W.A.,  March,  1923.  It  has  also  been  recorded  taken  off 
the  same  host  in  the  Transvaal,  and  from  Bvbo  africanus  africanus. 


Genus  Anatoecus  Cummings. 

Anatoecus  Cummings,  Proc.  Zool . Sac.,  London,  p.  653  (1916). 

1.  Anatoecus  ioterodes  (Nitzsch). 

Docophorus  icterodes  Nitzsch  in  Burin.,  Hand}).,  ii,  p.  424  (1838). 
Anatoecus  icterodes  (Nitzsch)  Cummings,  Proc.  Zoo} . Soc.,  Lond., 
pp.  655-657,  f.  7B,  10,  12  (1916). 

Scopoli’s  name  den  tat  us  should  be  discarded  and  the  above  name 
used  for  the  common  species  found  on  ducks. 

One  female  and  one  male  taken  off  Dendrocygna  bicolor  L. 
(whistling  duck)  at  Tamanzu,  S.W.A.,  March,  1923;  also  one  female 
from  Paeeilon itta  erythroHiyncha  (Ini.  (red-billed  teal). 


Genus  Neophilopterus  Cummings. 

Neophilopterus  Cummings,  Proc.  Zool . Soc.,  London,  p.  660  (1916). 

1.  Neophilopterus  abhimius  nov.  sp. 

(Figs.  27,  28,  29.) 

Female  (Fig.  27). — Head  very  slightly  broader  at  the  temples 
than  long.  Signature  medianly  excised  in  front  and  with  a strong 
dark  chitinous  process  at  each  latero-posterior  angle.  Just  inside  each 
angle  there  is  a longish  hair,  and  on  the  venter  there  is  an  admedian 
hair  in  the  middle.  Clypeus  with  two  hairs  at  each  latero-posterior 
angle,  two  on  the  venter  on  each  side  above  the  angle,  and  one  more 
above  these.  Behind  the  clypeus  there  is  a hair  on  each  side  on  the 
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venter  and  one  on  the  dorsum  near  the  base  of  the  antennae.  Eye 
conspicuous,  with  a hair.  Antennae  with  the  first  joint  about  as 
broad  as  long,  second  joint  the  longest,  third,  fourth,  and  fifth  sub- 
equal in  length,  the  last  two  being  slightly  darker  than  the  rest. 
Temples  rounded  with  four  long  and  two  short  hairs  on  the  lateral 
margins,  and  a minute  hair  in  the  middle.  In  the  area  between  the 
temples  there  are  three  minute  hairs  on  each  side  on  the  dorsum. 
Occipital  bands  dark  brown,  slightly  curved  and  joining  the  antennal 
bands  near  the  trabecula-like  processes.  Occipital  margin  almost 
straight. 

Thora.r  dark  brown  except  for  a clear  median  space.  Pronotum 
with  a longitudinal  chitinous  bar  on  each  side  of  the  middle  and  two 
hairs  at  each  latero-posterior  angle.  Metanotum  with  very  dark 
lateral  margins;  a spine  and  hair  at  each  latero-posterior  angle,  and 
three  long  hairs  close  together  on  each  side  on  the  posterior  margin. 
Between  the  fore  and  mid  coxae  there  is  a strong  acetabular  bar 
which  continues  forwards  and  backwards  a short  distance  near  the 
middle.  Between  the  mid  and  hind  coxae  there  is  a narrow  bar  which 
continues  backwards  to  the  base  of  the  metasternum.  Mid  coxae 
with  a hair  on  the  posterior  margin.  Between  the  mid  coxae  there  is 
a long  admedian  hair,  and  two  more  beneath  it. 

Abdomen  oval,  each  segment  with  two  tergal  plates  on  each  side, 
the  inner  pairs  separated  in  the  middle  by  a clear  space  except  on  the 
eighth  segment,  and  with  two  median  transverse  rows  of  hairs,  except 
on  the  eighth  segment,  and  two  or  three  hairs  at  each  latero-posterior 
margin.  On  the  venter  there  is  a single  row  of  median  hairs  on  the 
first  six  segments.  Apical  segments  as  shown  in  Fig.  29. 

Male. — Head  and  thorax  as  in  the  female.  The  inner  tergal 
plates  are  not  so  large  as  in  the  female,  and  the  last  tergite  lias  a 
narrow  longitudinal  plate  on  each  side  of  the  middle  line,  and  a 
lateral  plate  which  extends  backwards  in  a narrow  line.  Male 
genitalia  and  genital  plate  as  shown  in  Fig.  28. 

Measurevien  ts. 

Female.  Male. 


Length . 

Width. 

Length. 

Width 

Head  

0.78 

0.85 

0.75 

0.76 

Prothorax 

0.21 

0.55 

0.2 

0.51 

Metathorax 

0.23 

0.7 

0.21 

0.63 

Abdomen 

1.53 

1.15 

1.08 

0.96 

Total  .. 

2.75 

mm. 

2.24  mm. 

Holotype  : a female. 

Described  from  three  females  and  two  males  taken  off 
Sphenorhynchus  abdimi  Edit,  (white-bellied  stork)  at  Andoni, 
S.W.A.,  ‘in  March,  1923. 

This  new  species  appears  to  be  closely  allied  to  N ■ umfoscintus 
Piaget,  IV.  indieus  Piaget,  and  N.  episcopt  Kellogg.  From  the  first 
two  it  can  be  distinguished  by  the  tergal  plates  being  markedly 
larger,  and  from  ,V.  episcopi  by  the  genital  plate  of  the  female. 
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Genus  Ibidoecus  Cummings. 

Ihidoecus  Cummings,  Proc.  Zool . Sac.,  London,  p.  663  (1916). 

1.  Ibidoecus  thresh iornis  nov.  sp. 

(Figs.  36,  31.) 


Female. — Head  considerably  broader  than  long.  Forehead  light 
brown,  of  moderate  length ; each  signatural  plate  long,  widest  in 
the  middle  and  terminating  posteriorly  in  a strong  dark  chitinous 
process,  in  front  of  the  middle  on  the  ventral  surface  there  is  one 
longish  hair.  Clypeal  bands  well  developed,  each  with  three  lateral 
hairs  on  the  dorsum,  two  in  front  and  one  behind,  and  a longish  hair 
close  to  the  basal  one  but  nearer  the  middle;  on  the  venter  there  is  a 
similar  hair  occupying  the  same  position  and  also  a lateral  hair 
beyond  the  middle.  On  the  dorsum  there  is  a short  hair  above  the 
base  of  the  antenna,  two  more  lateral  hairs  close  together  some 
distance  above  it,  and  one  close  to  each  chitinous  process.  Eye 
conspicuous,  with  a hair.  Temples  rounded,  dark  brown,  with  four 
long  pustulated  hairs  on  the  lateral  margins  and  a short  pustulated 
hair  in  the  middle.  Area  between  the  temples  slightly  paler  in 
colour,  with  a row  of  four  pustulated  hairs,  the  inner  pair  being 
minute. 

Prothorax  much  narrower  than  the  head,  almost  parallel-sided 
and  rectangular,  with  a dark  brown  rectangular  plate  on  each  side 
and  four  short  hairs  on  the  posterior  margin.  Metathorax  with 
lateral  margins  rounded,  a dark  brown  plate  on  each  side,  and  a row 
of  pustulated  hairs  on  the  posterior  margin,  which  is  very  slightly 
rounded.  Between  the  fore  and  mid  coxae  there  is  a strong  acetabular 
bar  which  turns  upwards  for  a short  distance  between  the  former. 
Between  the  mid  and  hind  coxae  there  is  a short  bar  on  each  side 
which  broadens  out  at  both  ends.  Fore  coxae  each  with  one  hair, 
mid  and  hind  coxae  each  with  two  hairs.  Between  the  mid  coxae 
there  are  two  short  hairs,  and  two  longer  ones  between  the  hind 
coxae. 

Abdomen  oval;  tergites  one  to  six  each  with  a lateral  plate 
which  is  darker  near  the  meson,  and  with  two  median  transverse 
rows  of  hairs;  on  the  first  tergite  there  are  two  hairs  above  the  rows. 
Seventh  tergite  with  similar  plates,  but  only  one  row  of  hairs. 
Eight'll  tergite  with  a complete  transverse  plate  and  a row  of  hairs  set 
(dose  together  beneath  it,  the  row  being  interrupted  in  the  middle. 
(>n  the  ventral  surface  there  is  one  median  row  of  hairs  and  a round 
plate  between  the  middle  and  lateral  margin  on  the  second  to  sixth 
segments.  Apical  sternites  as  shown  in  Fig.  31. 

Male. — Head  and  thorax  as  in  the  female.  First  tergite  as  in 
the  female,  except  that  there  are  two  plates  on  each  side,  the  inner 
pair  being  small;  second  to  seventh  tergites  each  with  one  irregular 
row  of  hairs.  The  tergal  plates  on  the  last  three  segments  appear  to 
be  double,  and  on  the  last  tergite  occupy  practically  the  whole  of  the 
segment;  the  middle  pair  having  a fringe  of  hairs  on  their  posterior 
margins.  Genital  plates  and  genitalia  as  shown  in  Fig.  30. 


G.  A.  H.  PFDEORD. 


Measure  men  ts. 


Length. 

Width. 

Length. 

Width 

Head  

1.01 

1.15 

0.9 

1.05 

Prothorax 

0.33 

0.71 

0.31 

0.66 

Metathorax  . . . 

0.38 

1.06 

0.33 

0.98 

Abdomen 

2.00 

1.65 

1.43 

1.35 

Total  ... 

3.72 

mm. 

2.97  mm. 

Holotype : a female. 

Described  from  a number  of  females  ami  males  taken  oft 
Threskiorms  aeth lopica  Lath,  (sacred  ibis)  at  Emakosini,  Zululand, 
on  the  29th  October,  1924.  This  new  species  can  be  distinguished, 
inter  aha , by  the  genital  plates  and  male  genitalia. 

Genus  Degeeriella  Neumann. 

Degeeriella  Neum.,  Bull.  Sac.  Zoul.,  France,  XX,  p.  59  (1906). 
Nirmas  Nitzsch,  Ger mar's  Magazin,  III,  p.  291  (1818),  nec 
Hermann,  1804. 

1.  Degeeriella  colymkina  (Scopoli). 

Pedicul as  colymbina  Scop.,  Ent.  Cairn.,  p.  884  (1763). 

Two  females  taken  off  Proctopas  nigficollis  gurneyi  Roberts 
(Cape  eared  grebe)  at  Tamanzu,  S.W.A.,  in  March,  1923;  also 
several  specimens  occurring  as  stragglers  on  other  water  fowl. 

2.  Degeeriella  fgsca  (Nitzsch). 

Nirmas  fuseus  Nitzsch  in  Denny,  Anoplar.  Brit.,  p.  118,  pi.  9,  f.  8 

(1842). 

Females  and  males  taken  off  Pteroaetus  rerreaa.n  Less.  (black- 
eagle)  by  Dr.  R.  F.  Lawrence.  No  locality  given. 

Genus  Syrriiaptoecits  Waterston. 

Syrrhapioecvs  Waterston,  Proc.  Zool.  Sac.,  London,  ii,  pp.  337,  338 

(1928). 

This  genus  includes  thirteen  species  found  on  sand-grouse 
(Rteroelidae). 


1.  Syrrhaptoec rs  digoni  s Waterston. 

S.  digonvs  Waterston,  Proc.  /and.  Sac.,  London,  ii,  p.  345,  f.  3a,  8b, 

10c  (1928). 

(file  male  and  one  female  taken  off  Ptcrocles  naviaijv as  Gin., 
Kunene  River,  S.W.A.,  March,  1923.  This  species  was  described 
from  specimens  taken  off  (lie  same  sand-grouse  al  Kliptonlein,  Lillie 
Namaqualand;  Deelfontein,  HP. ; and  in  the  Rustenburg  District, 
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Transvaal.  A second  species,  S.  brevifrons  Waterston  ( Proc . Zool, 
Soe.,  London,  ii,  pp.  339-342,  f.  lb.  7,  1928),  has  also  been  found  on 
P.  namaquus. 


Genus  Acihopkoctus  Piaget. 

Acidoproctus  Piaget,  Tijd.  v.  Ent.,  vi,  p.  178  (1878). 

This  genus  includes  six  species  found  on  Anatidae. 

1.  Acidoproctus  stenopygus  (Nitzsch). 

Lipeurus  stenopygos'  Nitzsch  in  Giebel,  Ins.  Epiz.,  p.  179,  pi.  8, 
f'.  6,  7 (1874). 

Several  males  and  females  taken  off  Alopoclien  aegyptiacus  L. 
(Egyptian  goose)  at  Tamanzu,  S.W.A.,  in  March,  1923.  It  has  also 
been  recorded  from  Plectropterus  gambensis  (spur-winged  goose)  in 
the  Transvaal  and  Sudan.  Rudow  has  described  A.  rostratus  from 
Alopoclien  aegyptiacus , which  Harrison  sunk  as  a synonym  of  A. 
marginatus  Piaget.  The  latter  was  described  from  a female  straggler 
collected  on  a gull,  and  is  in  our  opinion  undoubtedly  an  immature 
specimen  of  A.  bifasciatus,  which  occurs  on  ducks  and  has  been 
found  on  several  species  in  S.  Africa. 

Genus  Esthiopterum  Harrison. 

1.  Estiiiopterum  asymmetricum  (Rudow). 

Lipeurus  asyrn  metricus  Rudow,  Zeit.  f.  ges.  IV at.,  XXXV,  p.  312 

(1870). 

Lipeurus  gambensis  Piaget,  Pedicul. , Sup  pi.,  p.  04,  pi.  7,  f.  1 (1885). 

Several  males  and  females  taken  oft'  Alopoclien  aegyptiacus  L. 
(Egyptian  goose)  at  Tamanzu,  S.W.A.,  March,  1923,  and  oft 
Plectropterus  gambensis  L.  (spur-winged  goose)  on  the  Kunene  River, 
S.W.A.,  March,  1923.  E.  asymmetricum  was  described  from 
specimens  taken  off  the  first-named  host,  and  E.  gambense  from 
specimens  off  the- second-named  host;  we  consider  them  to  be  the 
same. 


2.  Esthiopterum  obscurum  (Rudow). 

Lipeurus  obscurus  Rudow,  Zeit.  f.  ges.  Nat.,  XXX VI,  p.  125  (1870). 

Males  and  females  taken  off  Thaiassarche  vielanoph >’ys  Boie 
(mollymawk)  at  Capetown,  March,  1923. 

3.  Esthiopterum  gurlti  (Taschenberg). 

Lipeurus  gurlti  Taschenberg,  Nova  Acta,  XLIV,  p.  151,  pi.  5,  f.  0 

(1882). 

Lipeurus  Jugubris  Taschenberg,  ibid.,  p.  153,  pi.  0,  f.  9 (1882). 

Males  and  females  taken  off  Daption  capensis  (Cape  sea-pigeon) 
at  Capetown  in  November,  1923. 
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4.  Esthioptertjm  gruis  (Linne). 

Pediculus  gruis  Linne,  Syst.  Nat.,  p.  613  (1758). 

Lipeurus  ebraeus  Denny,  Anoplur.  Brit.,  p.  179,  pi.  13,  f.  5 (1842). 
Lipeurus  hebraeus  Nitzsch  in  Giebel,  Ins.  Epiz.,  p.  220,  pi.  10,  f.  5,  0 

(1874). 

L.  hebraeus  (Nitzsch)  Piaget,  Perl iculines,  p.  326,  pi.  27,  f.  2 (1880). 
L.  hebraeus  (Nitzsch)  Tasohenberg,  Nora  Acta,  XLIV,  p.  130,  pi.  4, 

f.  4,  4a  (1882). 

A single  female  taken  oft  Baleanca  regul-orum  Benn.  (crowned 
crane),  Kunene  Iliver,  S.W.A.,  March,  1923.  This  species  has  been 
described  from  specimens  taken  oft  Gras  com  in  unis=  G . grus  (Euro- 
pean crane)  and  G.  pa  run  i na  = Balearica  pgvonina. 

Genus  Hakrisokjblla  nov.  gen. 

Species  lipeuroid,  large  (females  9 mm.,  males  8.5  mm.  in 
length).  Head  longer  than  wide,  broader  in  the  female  than  in  the 
male.  Clypeal  signature  broader  than  long,  rounded  in  front  and 
pointed  posteriorly;  pale  brown  with  transverse  striae  along  anterior 
margin,  dark  brown  behind.  Prothorax  with  sides  parallel.  Meta- 
thorax more  than  twice  the  length  of  prothorax.  Sternal  plate  well 
developed,  elongated.  Abdomen  of  female  with  lateral  plates  on  each 
tergite  separated  in  the  middle  by  a narrow  space;  tergites  of  male 
with  a complete  transverse  plate;  lateral  margins  dark  in  both  sexes. 
Sternites  of  male  and  female  each  with  a dark  median  transverse 
band.  Male  copulatory  apparatus  elongated,  the  basal  plate  long  and 
narrow,  about  the  same  length  as  the  remainder  of  the  apparatus. 
Genotype  : Estliiopterum  dioinedeae  (Fabricius). 

1.  Harrisoniella  diomedkae  (Fabricius). 

Pediculus  diomedeae  Fabr.,  Syst.  Eat.,  p.  808  (177->). 

Lipeurus  ferox  Giebel,  Zr/Y.  f.  yes.  Nat.,  XXIX,  p.  195  (1807). 

L.  ferox  G iebel,  Ins.  Epiz.,  p.  235  (1874). 

L.  ferox  (Giebel)  Piaget,  Pediculines,  p.  333  (1880). 

L.  ferox  (Giebel)  Taschenberg,  Die  M allophagen,  p.  145,  pi.  5, 

f.  1,  la  (1882). 

L.  ferox  (Giebel)  Kellogg,  New  MaUophaga,  i,  p.  127,  pi.  9,  f.  1,  2 

(1896). 

L.  densus  (Giebel)  Kellogg,  ibid.,  p.  114,  pi.  7,  f.  1,  2 (1896). 

One  female  and  two  immature  specimens  taken  oft  Thalassarche 
uielanophrys  Boie  (mollymawk)  at  Capetown,  July,  1923. 

Genus  Docophoroides  Giglioli. 

Docophoroides  Giglioli,  Quart.  Journ.  Micr.  S<‘i.,  I\  , p.  21  (1804). 
Eurymetopus  Taschenberg,  A ora  Acta,  Ilalle,  XLI\  , p.  182  ( 1 8is^ ) . 
This  genus  includes  five  species  occurring  on  Diomedeidae. 
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1.  Docophoroiues  harri  soni  Waterston. 

D.  harrisoni  Waterston,  Ent.  Month.  Mag.  (3),  iii,  p.  99  (1917). 

A number  of  females,  males,  and  immature  forms  taken  oft 
T halos  smche  melanophrys  Boie  (mollymawk)  at  Capetown  in  July, 
1923.  This  species  was  described  from  specimens  taken  oft  the  same 
host  in  South  Africa. 

2.  Docophoroiues  murphyi  (Kellogg). 

Eurymetopus  murphyi  Kellogg,  Brooklyn  Sci.  Bull.,  II,  iv, 
pp.  87-89,  pi.  16,  f.  4,  5 (1914). 

(Figs.  32,  33c,  34.) 

Two  females  taken  oft  Macronectes  giganteus  Gm.  (giant  petrel) 
at  Capetown  in  November,  1923.  This  species  was  described  from 
one  male  and  several  females  taken  off  Thalassarche  melanophrys 
Boie  (mollymawk),  Nealbatrus  chlororh ynchus  Gm.  (yellow-billed 
mollymawk),  and  Macronectes  giganteus  in  the  South  Atlantic. 

Both  sexes  of  this  species  can  easily  be  distinguished  by  the 
shape  of  the  clypeal  signature  (Fig.  32),  it  being  much  narrower  than 
in  the  other  species,  and  the  females  also  by  the  shape  of  the  plates 
on  each  side  of'  the  meson  on  sternites  ii-v,  the  median  plate  on 
sternites  vi  to  viii  (see  Figure  34),  and  by  the  shape  of  the  lateral 
plates  on  the  ninth  sternite  (compare  Figures  33  a-d).  In 

harrisoni  the  lateral  plates  on  sternite  ii  are  short,  and  on  sternites 
iii  to  v they  are  elongated.  In  brevis  the  lateral  plates  are  elongated 
on  sternites  ii  to  iv,  and  on  the  fifth  sternite  there  is  a long  median 
transverse  plate.  In  both  simplex  and  murphyi  the  plates  on  sternites 
ii  to  iv  are  short  and  oval  in  shape,  and  on  sternite  v they  are 
slightly  longer. 


EXPLANATION  OF  FIGURES. 

Fig.  1. — Lemurphthims  galagus  Bedford,  male  genitalia. 

,,  2. — Poiyplax  praomydis  Bedford,  head  of  female. 

,,  3. — Poiyplax  praomydis  Bedford,  pleural  plates  of  female. 

,,  4. — Poiyplax  praomydis  Bedford,  sternal  plate. 

,,  5.— Poiyplax  praomydis  Bedford,  male  genitalia. 

,,  6. — Bathyergicola  hilli  Bedford,  head  of  female. 

,,  7. — Bathyergicola  hilli  Bedford,  apical  sternite  of  female;  (a)  third 

pleural  plate  of  same;  (h)  third  pleural  plate  of  Bathyergicola 
la wrensis  Bedford. 

,,  8. — Bathyergicola  hilli  Bedford,  male  genitalia. 

,,  9. — Bathyergicola  laurrensis , Bedford,  head  of  female. 

,,  10. — Bathyergicola  lawrensis  Bedford,  apical  sternite  of  female. 

,,  11. — Bucerophagus  africanus  Bedford,  dorsum  and  venter  of  head  of 

female ; (a)  sternal  plate. 

,,  12. — Bucerophagus  africanus  Bedford,  male  genitalia. 

,,  13. — Trichodectes  cooleyi  Bedford,  male. 
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14.  — T ricltolipeunts  aepycerus  Bedford,  male  genitalia. 

15.  — Tricholipeurus  aepycerus  Bedford,  head  of  male. 

16.  — Tricholipeurus  reduneue  Bedford,  head  of  male. 

17.  — Tricholipeurus  reduncae  Bedford,  male  genitalia;  (a)  endomeres  of 

T.  trabeculae  Bedford  (drawn  to  same  scale  as  17);  (h)  abdominal 
spiracle  of  T.  reduncae  Bedford;  (c)  same  of  T.  trabeculae  Bedford 
[drawn  to  same  scale  as  (&)]. 

18.  — Tricholipeurus  aepycerus  Bedford,  apical  sternite  of  female. 

19.  — Tricholipeurus  trabeculae  Bedford,  apical  sternites  of  female. 

20.  — Goniodes  scleroptilus  Bedford,  male  genitalia. 

21.  — Goniodes  pte rnistis  Bedford,  male  genitalia. 

22.  — Lipeurus  lawrensis  Bedford,  head  of  male;  (a)  sternal  plate. 

28. — Lipeurus  laicrensis  Bedford,  dorsum  of  abdomen  of  male;  (a)  apex 
of  abdomen  of  mounted  specimen. 

24.  — Lipeurus  laicrensis  Bedford,  dorsum  of  abdomen  of  female. 

25.  — Lipeurus  pternistis  Bedford,  head  of  female;  (a)  sternal  plate. 

26.  — Lipeurus  pternistis  Bedford,  dorsum  of  abdomen  of  female. 

27.  — Neopliilopterus  abdimius  Bedford,  female. 

28.  — Neopliilopterus  abdimius  Bedford,  male  genitalia. 

29.  — Neopliilopterus  abdimius  Bedford,  apical  sternites  of  female. 

30.  — Ibidoecus  threskiornis  Bedford,  male  genitalia. 

31.  — Ibidoecus  threskiornis  Bedford,  apical  sternites  of  female. 

32.  — Docophoroides  murphyi  Kellogg,  forehead  of  female. 

33.  — Right  lateral  plate  on  ninth  sternite  of:  (a)  Docophoroides  harrisoni 

Waterston;  ( b ) D.  simplex  (Waterston);  (c)  D.  murphyi  (Kellogg); 
(d)  D.  brevis  (Dufour). 

34.  — Docophoroides  murphyi  (Kellogg),  plates  on  sternites  vi  to  ix  of 

female 
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15th  Annual  Report  of  the  Director  of  Veterinary  Services, 
Union  of  South  Africa.  October,  1929. 


The  Effect  upon  Ticks  of  Dipping  Cattle 
regularly  at  Short  Intervals  in  Arsenical 
Baths. 


By  G.  A.  H.  BEDFORD,  Research  Officer,  Onderstepoort. 


The  present  report  is  mainly  based  upon  observations  and  experiments 
carried  out  on  a grossly  infected  East  Coast  fever  farm  at  Sycamore, 
in  the  eastern  Transvaal,  from  the  end  of  October,  1927,  to  the 
middle  of  February,  1928. 

The  farm  was  taken  over  by  this  Division  on  the  14th  September, 
1927.  At  the  time  there  was  only  one  tank  on  the  farm,  and  all 
animals  from  that  date  were  dipped  every  five  days  until  the  27th 
October.  On  this  date  a new  tank  had  been  completed,  and  it  then 
became  possible  also  to  test  the  3-day  dip  and  compare  the  results 
with  those  obtained  with  the  5-day  dip. 

DIPPING. 

For  the  last  17  or  18  years  it  has  been  assumed  that  the  first 
dipping  tank  built  in  South  Africa  was  erected  by  Mr.  Joseph  Baynes, 
C.M.G.,  on  his  Nel’s  Rust  Estate  in  Natal  in  1901.  However,  in 
1902,  Lounshury  wrote  that  Mr.  Douglass  had  constructed  a dipping 
vat  on  his  property,  Heatherton  Towers,  in  the  Cape  Province,  and 
carried  out  some  dipping  tests,  hut  that  various  circumstances  had 
led  to  the  abandonment  of  dipping  in  favour  of  spraying  with 
paraffin.  Mr.  Douglass  must  have  erected  his  dipping  tank  prior  to 
1898,  because  early  in  that  year  he  issued  an  invitation  to  all  and 
sundry  interested  in  tick  eradication  to  visit  his  farm  on  an  appointed 
day  to  witness  a practical  demonstration  of  tick-killing  by  his  new 
agent.  Be  that  as  it  may,  Mr.  Baynes  was  ihe  first  fo  obtain 
favourable  results  with  the  dipping  tank,  and  his  success  led  to 
dipping  being  extensively  carried  out  in. South  Africa  since  1901  with 
a view  to  eradicating  ticks  and  eliminating  the  diseases  transmitted 
by  them.  Practically  all  the  dipping-fluids  that  have  been  used  have 
contained  arsenite  of  soda. 

Prior  to  1910  the  dipping  of  cattle  was  carried  out  at  long  inter- 
vals, intervals  of  at  least  ten  days,  and  usually  much  longer,  and, 
very  frequently,  at  irregular  intervals.  In  1910,  however,  Watkins- 
Pitchford  emphasized  that  a dip  capable  of  application  every  few 
days  was  urgently  required  to  kill  the  forms  of  tick  life  responsible 
for  the  spread  and  perpetuation  of  East  ('oast  fever,  and  advocated 
a dip  which  could  be  used  every  five  days  without  harmful  effects 
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to  the  animals.  This  dip,  known  as  t he  5-day  Laboratory  Dip,  con- 
sists of  arsenite  of  soda  and  water  (0.16  per  cent.  As203)  with  the 
addition  of  a soap  and  paraffin  emulsion.  In  the  following  year  he 
recommended  the  same  dip  to  he  used  at  a weaker  strength  (0.08  per 
cent.  As,Oa)  at  intervals  of  three  days  in  order  to  destroy  all  larvae 
and  nymphs  of  Dhi  picephah/s  append tculatus  (the  chief  transmitting 
agent  of  East  Coast  fever),  which  may  develop  and  drop  olf  their 
hosts  in  72  hours,  and  even  less  in  certain  cases.  His  contention  was 
that  if  cattle  were  dipped  regularly  every  three  days  no  ticks  would 
get  on  to  the  animals  without  being  dipped  and  thereby  killed,  and 
should  any  larvae  and  nymphs  develop  in  a shorter  period  than  72 
hours,  they  also  would  not  escape  immersion,  because  he  found  that 
regular  dipping  prevented  these  immature  stages  from  attaching 
themselves  to  their  hosts  for  a considerable  period. 

It  must  he  stated,  however,  that  in  carrying  out  these  tests 
Pitchford  placed  larvae  and  nymphs  on  the  bodies  of  cattle  at  various 
intervals  after  they  had  been  sprayed,  and  that  these  stages  do  not 
normally  attach  themselves  to  these  parts  of  their  hosts. 

Watkins-Pitchford  found  that  sodium  arsenite  alone,  used  at  a 
strength  sufficient  to  kill  the  ticks,  scalded  the  cattle,  (hi  reducing 
the  amount  of  arsenic,  the  dip  failed  to  kill  the  ticks,  but  by  adding 
a paraffin  and  soap  emulsion  to  the  more  dilute  solution,  the  ticks 
were  destroyed  withouh  injury  to  the  animals.  Cooper  and  Laws 
(1915)  attributed  the  increased  killing  effect  of  the  emulsion  to  he  due 
to  its  increased  wetting  power.  The  scalding  effects  which  arsenical 
dips  have  upon  the  skins  of  animals  are  not  solely  due  to  the  strength 
of  the  arsenite,  but  also  to  the  climatic  and  other  conditions  at  the 
time  the  animals  are  dipped. 

Within  recent  years,  however,  it  has  been  the  practice  of  the 
majority  of  farmers  in  this  country  to  dip  their  cattle  every  three, 
five,  or  seven  days  in  an  arsenical  dip  without  the  addition  of  the 
paraffin  emulsion  recommended  by  Watkins-Pitchford,  as  it  was 
considered  that  the  arsenite  of  soda  alone  was  quite  as  effective,  and 
that  the  addition  of  the  emulsion  did  not  warrant  the  extra  expense. 
Furthermore,  some  gave  up  using  the  emulsion,  as  they  considered 
it  was  liable  to  distress  the  cattle  and  knock  them  up,  causing  sore 
teats  and  burning  of  the  skin  (Theiler  and  Gray,  1912).  It  was, 
therefore,  considered  essential  that  the  plain  arsenical  dip  should  be 
thoroughly  tested  to  ascertain  whether  it  was  really  effective  in  killing- 
licks;  also  whether  it  is  necessary  to  hand-dress  the  animals  in  their 
ears  and  under  the  base  of  their  tails,  and  to  clip  the  hair  on  the 
fringe  of  the  ears  and  brush  of  the  tails.  For  these  tests  the  dipped 
cattle  on  the  farm  were  divided  on  the  27th  October,  1927,  as  follows: 

A.  Cuttle  Dipped  in  h-Day  Dip  ( Strength . 0.16  per  cent.  As203). 

Lot  1.  Animals  hand-dressed  with  tobacco  and  oil  and  their 
ears  and  tails  clipped. 

Lot  2.  Animals  hand-dressed  with  arsenite  and  their  ears  and 
tails  clipped. 

Lot  4.  Animals  not  hand-dressed,  but  their  ears  and  tails 
clipped. 

Lot  5.  Animals  hand-dressed  with  tobacco  and  oil,  but  not 
clipped. 
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13.  Cattle  Dipped  in  3-Day  Dip  (Strength  0.08  per  cent.  As203). 

Lot  7.  Animals  hand-dressed  with  tobacco  and  oil,  and  their 
ears  and  tails  clipped. 

Lot  8.  Animals  hand-dressed  with  arsenite  of  soda,  and  their 
ears  and  tails  clipped. 

Lot  0.  Animals  not  hand-dressed,  but  ears  and  tails  clipped. 

Lot  10.  Animals  neither  hand-dressed  nor  clipped. 

Lot  11.  Animals  hand-dressed  with  tobacco  and  oil,  hut  not 
clipped. 

Lot  12.  Animals  hand-dressed  with  arsenite,  but  not  clipped. 

It  was  intended  to  include  animals  that  were  neither  hand-dressed 
nor  clipped  in  lot  3,  and  animals  hand-dressed  with  arsenite  but  not 
clipped  in  lot  0,  but  owing1  to  insufficient  cattle  being1  available  these 
tests  had  to  be  omitted.  Animals  in  lots  1,  2,  5,  7,  8,  11,  and  12 
had  their  ears  hand-dressed,  and  they  were  also  hand-dressed  under 
the  bases  of  their  tails. 


SPECIES  OF  TICKS  FOUND  ON  CATTLE  ON  THE  FARM. 

1.  Rhipicephalvs  append iculat us  Neu. — This  tick  is  the  chief 
transmitting  agent  of  East  Coast  fever.  It  was  the  tick  most 
commonly  found  on  the  farm,  except  during  October  and  the  early 
part  of  November,  when  both  R . erertsi  and  //.  aegyptium  impressum 
were  slightly  more  numerous,  as  will  lie  seen  by  comparing  the  figures 
in  Table  I.  When  I arrived  on  the  farm  this  species,  R.  appendi- 
culatus,  was  rare,  as  was  the  case  when  I paid  a short  visit  to  the 
farm  early  in  October.  As  will  he  seen  from  Chart  1,  this  species 
was  most  numerous  during  the  month  of  January.  During  October 
and  November  adults  were  usually  only  found  attached  to  the  ears 
of  cattle,  botlj  on  the  outside  and  inside;  hut,  later  on,  when  they 
became  more  numerous,  they  were  also  frequently  found  on  the  head, 
especially  on  the  eyelids,  and  also  occasionally  on  the  neck  and 
around  the  anus,  and  less  frequently  on  the  body,  inside  the  bases 
of  the  legs,  fetlocks,  and  brush  of  tail.  The  immature  stages  were 
only  found  inside  the  ears  of  the  cattle,  seated  deeper  down  than 
the  adults,  except  on  two  occasions  when  a nymph  was  observed 
attached  beneath  the  base  of  the  tail,  and  one  or  two  nymphs  were 
found  on  the  outside  of  the  ears. 

2.  Rhipicephailvs  erertsi  Xeu. — This  tick,  known  as  the  “ red 
tick,”  can  also  convey  East  Coast  fever.  The  adults  were  mainly 
found  under  the  base  of  the  tails  of  the  cattle,  but  others  were 
observed  on  the  teats  and  on  the  inside  of  the  bases  of  the  legs.  It 
was  most  numerous  during  the  month  of'  January,  hut.  as  will  he 
seen  from  Chart  1,  it  was  mo  lie  oi  less  equally  prevalent  from 
November  to  February.  The  larvae  and  nymphs  were  only  found  in 
the  ears  of  the  cattle,  with  the  exception  of  one  nymph  which  was 
seen  on  the  ears  of  a cow. 

•5.  Rhipicephalvs  si  mas  Koch. — This  tick  lias  also  been  proved 
to  he  a transmitting  agent  of  East  Coast  fever.  It  was  never  common 
on  the  farm.  Adults  were  occasionally  found  attached  to  the  brush 
of  the  tail  and  the  fetlocks  of  the  cattle,  but  never  on  tin*  ears. 
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4.  Rhipicephahiff  capensis  Koch. — This  species,  like  the  above, 
can  transmit  East  Coast  fever.  It  was  by  no  means  common  on  the 
farm.  Adults  were  occasionally  found  attached  to  the  ears  of  cattle. 

5.  Boophilus  decolorat us  Koch. — This  species  was  found  on  the 
bodies,  necks,  and  heads  of  the  undipped  cattle,  and  also  on  the 
bodies  of  new  arrivals  on  the  farm  until  they  had  been  dipped 
regularly  for  a week  or  two,  but  it  was  never  found  on  cattle  that 
had  been  regularly  dipped  for  longer  periods. 

(i.  M ar  gar  opus  iciiithcini  Karsch. — Several  adults  and  nymphs 
were  found  on  the  body  and  head  of  one  animal  in  November.  This 
animal  had  been  on  the  farm  for  some  time,  but  was  not  dipped  as 
it  was  considered  to  be  immune  to  East  Coast  fever.  This  tick  was 
probably  introduced  on  to  the  farm  with  cattle  from  the  Orange 
Free  State. 

7.  //  gala  in  ma  aegyptium  impressuin  Neu. — As  will  be  seen  from 
Table  11,  this  species  was  never  common  on  the  farm.  In  addition 
to  the  adults  being  found  under  the  bases  of  the  tails  of  the  cattle, 
they  were  also  occasionally  found  on  the  underparts,  such  as  the 
udders  of  cows  and,  less  frequently,  on  the  brush  of  the  tail  and  on 
the  legs  above  the  hoofs.  The  larvae  and  nymphs  attach  themselves 
chiefly  to  hares,  but  other  small  mammals  and  birds  are  also  attacked. 

8.  A mill  gain  ma  hebracinn  Koch. — This  tick  was  by  no  means 
common  on  the  farm,  and  was  chiefly  found  on  newly  imported 
cattle.  The  adults  attach  themselves  to  the  hindquarters  beneath  the 
tail  of  their  hosts,  also  to  the  teats,  testicles,  abdomen,  and  bases  of 
the  legs. 


TICK  INFESTATION  ON  THE  FARM. 

During  September  I paid  a short  visit  to  the  farm  and  found 
that  ticks  were  extremely  scarce  on  the  animals,  and  Mr.  White, 
who  was  in  charge  of  the  stock  on  the  farm,  informed  me  that  the 
ticks  were  extremely  scarce  on  the  animals  from  the  day  I visited 
the  farm  until  1 arrived  again  on  the  farm  at  the  end  of  October. 

On  examining  Table  I and  Chart  1,  it  will  be  observed  that  the 
ticks  continued  to  be  extremely  rare  on  the  farm  from  the  end  of 
October  until  the  end  of  November,  and  that  during  this  period  a 
large  number  of  animals  died  of  East  Coast  fever.  During  December 
there  was  a gradual  increase  of  ticks  on  the  farm,  and  in  January  the 
ticks  continued  to  increase  in  numbers  until  about  the  third  week, 
after  which  they  gradually  decreased  again. 

From  October  until  about  the  end  of  December  the  adults  of 
l{.  app&hil iculalus  were  only  observed  on  the  ears  of  the  dipped 
cattle,  and  on  these  animals  only  unengorged  females  were  found. 
During  January  and  the  beginning  of  February,  however,  adults 
of  this  species  were  also  observed  on  the  heads  and  eyelids  of  the 
animals,  and,  to  a much  lesser  extent,  on  their  bodies  and  legs. 
The  more  numerous  the  ticks  were,  the  more  frequently  were  they 
seen  attached  to  these  parts,  and  the  more  frequently  one  observed 
engorged  females  on  the  dipped  cattle,  the  latter  being  mainly 
found  attached  to  the  ears. 
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It  will  also  be  observed,  on  examining  Table  1,  that  the  various 
species  of  ticks  were  more  numerous  on  the  cattle  dipped  in  the  five- 
day  dip  than  on  those  dipped  in  the  three-day  dip,  except  on  the 
d()th  November,  when  the  average  number  of  R.  appendiculatus 
found  on  the  ears  of  cattle  dipped  in  the  three-day  dip  was  11.9, 
compared  with  10.5,  which  was  the  average  number  found  on  the 
ears  of  cattle  dipped  in  the  five-day  dip. 


TABLES  I.— SHOWING  THE  TICK  INFESTATION  ON  THE 
FARM  AT  VARIOUS  PERIODS. 


Table  A. — Adults  of  Rhi picephahis  appendiculatus  on  Ears. 


3-Day  Dip. 

5-Day 

Dip. 

Date. 

No.  of 
Cattle. 

No.  of 
Ticks. 

Average 

per 

Animal. 

Date. 

No.  of 
Cattle. 

No.  of 
Ticks 

Average 

per 

Animal. 

0.  11.27 

37 

25 

00 

10.11.27 

27 

51 

1-8 

30 .11.27 

41 

490 

11-9 

30 .11.27 

41 

433 

10-5 

21.12.27 

43 

1,995 

40-3 

20.12.27 

49 

2.572 

52-4 

It*.  1.28 

12 

3.402 

288-5 

21.  1.28 

10 

3,970 

397-0 

18.  2.28 

1 1 

474 

4.3-0 

17.  2.28 

10 

719 

71-9 

Table  B. — Ticks  under  Base  of  Tail. 


Three-day  Dip. 


Date. 

No.  of 
Cattle. 

No.  of 
R.  everts  i. 

No.  of 
It.  up  pen- 
diculatus. 

No.  of 
H . negypt- 
ium. 

Average  per  Animal. 

R.  evertsi. 

R.  appen- 
dic  ulatus. 

//.  aegypt- 
ium. 

0.11.27 

37 

09 

39 

1-8 

_ 

1 -0 

30.11.27 

41 

129 

— 

30 

3-1 

— 

0-7 

31.11 .27 

43 

145 

0 

41 

3 ■ 3 

0-  1 

0-9 

19.  1.28 

12 

1 19 

44 

7 

9-9 

3-0 

o-o 

18.  2.28 

11 

32 

— 

7 

2-9 

no 

Z 

’ ire-day  Dip. 

10.11.27 

27 

157 

33 

5-8 

1-2 

30.11 .27 

41 

102 

23 

3-9 

0-5 

20.12.27 

49 

254 

7 

92 

5- 1 

0-  1 

1 -8 

21.  1.28 

10 

92 

32 

10 

9-2 

3-2 

1 -0 

17.  2.28 

10 

59 

4 

22 

5-9 

0-4 
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EXPERIMENTAL  WORK  AND  OBSERVATIONS. 

1.  EFFECTS  OF  THE  3-DAY  AND  5-DAY  DIPS  UPON 
ADULTS  OF  “ R.  APPENDIC'ULATUS  ” ATTACHED  TO 
THE  EARS,  AND  UPON  THE  LARVAE  AND  NYMPHS  OF 
“ RHIPICEPHALUS  spp.”  FOUND  IN  THE  EARS. 

It  may  lie  stated  that  on  no  occasion  was  an  animal  seen  to 
plunge  into  the  dipping  tanks  without  completely  immersing  its 
head  in  the  dipping  fluids.  Therefore,  the  ears  of  all  the  cattle 
should  have  been  completely  wetted  at  each  dipping.  In  some 
instances,  no  live  immature  ticks  were  found  in  the  ears  of  the  dipped 
cattle  which  had  not  had  their  ears  hand-dressed;  on  other  occasions 
one  or  two  live  larvae  or  nymphs  were  found,  and  again,  in  some 
cases,  live  immature  forms  were  observed  to  be  numerous.  Some  of 
the  latter,  which  were  found  to  be  engorged,  were  collected,  with 
the  result  that  some  died,  whereas  others  remained  alive  and 
ultimately  moulted.  These  observations  prove  conclusively  that 
dipping  cannot  be  relied  upon  to  kill  the  immature  stages  of  ticks 
in  the  ears  and  that  it  is  absolutely  essential  that  the  insides  of  the 
ears  should  be  hand-dressed. 

To  test  the  efficacy  of  the  dips  upon  the  adults  of  R.  nppendicu- 
latus  attached  to  the  ears,  all  ticks  were  removed  from  the  ears  of 
cattle  either  24  hours  previous  to  dipping  or  at  the  time  of  dipping, 
and  a record  was  kept  of  the  ticks  that  attached  themselves  within  24 
hours  previous  to  dipping  and  up  to  48  hours  after  dipping  by 
marking  the  positions  of  the  ticks  on  diagrams.  It  would  have  been 
better  to  have  carried  out  separate  observations  on  tbe  ticks  that 
attached  themselves  daily  to  the  ears,  but,  unfortunately,  there  were 
no  facilities  at  the  time  these  observations  were  made  for  keeping 
cattle  on  tick-free  ground.  Therefore  the  animals  used  had  to  be 
sent  out  daily  to  graze  on  the  tick-infested  veld  along  with  the  other 
cattle,  and  they  frequently  became  so  badly  infected  with  ticks  that 
a large  number  of  observations  which  were  subsequently  made  thus 
became  unreliable  and  had  consequently  to  be  discarded. 

The  animals  used  for  these  observations  which  were  in  the  lot 
that  had  their  ears  hand-dressed  only  had  the  insides  of  the  ears  so 
treated.  Therefore  the  hand-dressing  had  no  effect  upon  the  adults, 
except  occasionally,  when  one  or  two  adults  attached  to  the  insides 
of  the  ears  would  be  lightly  smeared  with  the  oil. 

Results. — The  results  of  these  observations  are  shown  in  Table 
IT.  It  will  be  observed  that  both  dips  killed  off  a large  number  of 
ticks,  not  only  ticks  which  attached  themselves  to  the  ears  of  animals 
within  24  hours  previous  to  dipping,  but  also  ticks  which  attached 
themselves  within  48  hours  after  dipping.  It  will  be  noted  that  the 
ticks  which  attached  themselves  to  the  cattle  immersed  in  the  five- 
day  dip  were  more  rapidly  killed  than  those  found  attached  to  the 
animals  which  were  immersed  in  the  three-day  dip.  The  results, 
however,  are  not  as  good  as  one  would  have  wished.  Since  Watkins- 
Pitchford  found  that  it  was  necessary  for  adult  ticks  to  remain  on 
their  hosts  for  72  hours  in  order  that  they  might  transmit  East 
Coast  fever,  these  observations  also  prove  that  dipping  does  not 
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prevent  a large  percentage  of  the  ticks  that  attach  themselves  to  the 
ears  of  cattle  from  infecting  their  hosts  should  such  ticks  have  fed 
oil  an  infected  animal  in  their  nymphal  stage.  It  is  essential,  there- 
fore, that  the  whole  of  the  ears  should  lie  hand-dressed  on  an  East 
Coast  fever  farm.  On  a noil-infected  farm,  however,  only  the  insides 
of  the  ears  need  lie  so  treated  unless  adult  ticks  are  numerous  on  the 
ears  and  engorged  females  are  observed. 

It  will  be  seen,  on  examining  the  tables,  that  less  ticks  are 
recorded  as  having  attached  themselves  up  to  24  hours  after  dipping 
than  within  24  hours  previous  to  dipping,  except  that  the  number 
of  ticks  which  are  recorded  as  having  attached  themselves  up  to 
24  hours  after  dipping  to  the  cattle  that  were  immersed  on  the 
Kith  January  exceeded  in  numbers  those  attached  before  dipping 
to  the  cattle  immersed  in  the  same  dip  on  the  21st  January.  For 
reasons  already  stated,  the  figures  given,  however,  do  not  represent 
the  total  numbers  of  ficks  that  attached  themselves,  but  it  may  be 
stated  that  the  dips  do  not  prevent  ticks  from  attaching  themselves 
to  their  hosts. 

The  ticks  were  sometimes  observed  to  be  more  numerous  on  the 
fringes  of  the  ears  than  on  other  parts  of  these  organs,  but  clipping 
the  fringes  did  not  appear  to  have  any  beneficial  influence  in  aiding 
the  dips  to  kill  the  ticks. 

In  order  to  ascertain  the  maximum  time  adults  of  J\. 
append icvlatus  remain  attached  to  the  ears  of  cattle  that  are  regularly 
dipped  in  a three-day  plain  arsenical  dip,  two  animals  were  kept  on 
tick-free  ground  immediately  after  they  had  been  dipped  on  the  9th 
February,  1928.  On  the  ears  of  one  animal  (No.  2:169,  ears  clipped 
but  not  hand-dressed)  541  adult  ticks  were  counted  when  the  animal 
was  dipped,  162  being  attached  to  the  left  ear  and  279  to  the  right 
ear.  Four  days  later  the  45  ticks  that  were  attached  to  the  outsides 
of  the  ears  were  all  dead;  there  were  two  alive  attached  to  the  inside 
of  the  left  ear,  and  94  alive  on  the  inside  of  the  right  ear,  the 
majority  of  these  being  found  attached  together  in  two  batches. 
On  the  fifth  day  (second  day  after  second  dipping)  all  the  ticks  that 
were  attached  to  the  left  ear  were  dead,  and  there  were  22,  including 
two  engorged  females,  alive  on  the  outside  of  the  right  ear.  On  the 
9th  day  there  were  six  partly  engorged  females  alive,  and  on 
pulling  off  one  of  these  they  all  came  away  owing  to  their  mouth- 
parts  being  stuck  together  by  dried  blood.  These  ticks  had  survived 
at  least  three  dippings,  probably  owing  to  the  fact  that  they  had 
been  unable  to  feed  for  several  days.  The  ticks  on  the  ears  of  tilt1 
other  animal  (No.  593,  ears  neither  clipped  nor  hand-dressed)  were 
too  numerous  to  count  when  it  was  dipped  on  the  9th  February,  this 
cow  being  the  worst  animal  on  the  farm  for  picking  up  ticks.  Six 
days  later  there  were  only  26  ticks  alive  on  the  ears,  and,  on  the 
ninth  day  after  the  first  dipping,  ten  partly  engorged  females 
remained  which  appeared  not  to  have  fed  for  several  days.  The 
ears  of  this  animal  were  observed  to  be  bleeding  badly  on  t ho  fourth 
day  owing  to  tick  infestation,  and  the  blood  on  drying  ma\  have 
prevented  the  ticks  from  taking  in  arsenic  per  os  when  feeding. 
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TABLES  II.— SHOWING  THE  EFFECT  OF  ARSENITE  OF 
SODA  UPON  TICKS. 

A. — Ears  Infected  with  Adults  of  Rhipicep h a l u s append  iculatus. 
1.  Cattle  Dipped  regularly  in  -3 -Day  Dip  ( Strength  0.08  pee  cent.). 

All  ticks  removed  on  the  9th  December,  1927.  Animals  dipped 
on  the  10th  and  13th. 


Cattle  No. 

Ticks  Attached  day 
previous  to  Dipping. 

Ticks  Attached 
24  hours  ai 
Dipping. 

up  to 
ter 

Ticks  Attached 
24-48  hours 
after  Dipping. 

10th. 

11th. 

12th. 

13th. 

11th. 

12th. 

13th. 

12th. 

13th. 

2191  (7) 

8 

5 

1 

8 

8 

1 

3 

0 

2577  (7) 

3 

3 

2 

0 

4 

4 

0 

1 

1 

2298  (8) 

6 

4 

4 

1 

10 

6 

4 

8 

4 

2599  (8) 

9 

9 

7 

5 

5 

4 

3 

8 

3 

2206  (9) 

0 

— 

— 

— 

— 

— 

— 

12 

11 

2579  (9) 

4 

2 

i 

0 

2 

2 

0 

6 

6 

565  (10)...  . 

23 

21 

15 

15 

12 

10 

8 

29 

27 

2562  (10)... . 

20 

19 

17 

12 

15 

13 

10 

24 

23 

1863  (11)...  . 

7 

7 

7 

0 

7 

5 

1 

7 

1 

2117  (11)...  . 

7 

7 

7 

5 

4 

4 

3 

0 

— 

2601  (12)...  . 

15 

10 

6 

2 

12 

6 

3 

4 

2 

2602  (12)...  . 

3 

3 

2 

2 

10 

10 

3 

8 

8 

Total 

105 

92 

73 

43 

89 

72 

36 

110 

86 

Percentage  of 
Killed 

Ticks 

12-4 

30-5 

59 

191 

58-4 

21-8 

2.  Cattle  Dipped  regularly  in  5 -Day  Dip  (Strength  0.16  per  cent.). 
All  ticks  removed  on  20th  January,  1928.  Animals  dipped  on 

21st. 


Cattle  No. 

Ticks  Attached  Day  previous 
to  Dipping. 

Ticks  Attached 
up  to  24  hours 
after  Dipping. 

Remarks. 

21st. 

22nd. 

23rd. 

24th. 

22nd. 

23rd. 

1781  (1) 

16 

7 

3 

0 

2560  (1) 

16 

10 

1 

0 

— 

— 

2565  (2) 

12 

3 

1 

0 

— 

— 

2233  (4) 

12 

9 

4 

3 

— 

— 

2235  (4) 

21 

18 

12 

5 

3 

0 

705  (5) 

31 

1 

0 

0 

— 

— 

1068  (5) 

23 

13 

5 

5 

— 

— 

1477 

10 

6 

3 

i 

— 

— 

Animal  not 

dipped 

previously. 

Total 

141 

67 

29 

14 

3 

0 

Percentage  of  Ticks 

Killed. . . . 

52-5 

79-4 

90 

100 
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TABLES  II.— SHOWING  THE  EFFECT  OF  ARSENITE  OF 
SODA  UPON  TICKS — (continued). 

A. — Ears  Infected  with  Adults  of  Rhipirephalus  append icvlatus 

— (continued). 

2.  EFFECTS  OF  THE  3-DAY  AND  5-DAY  DIPS  UPON  ADULTS 


All  ticks  removed  on  flic  16th  January,  1928.  Animals  dipped  on 
16th. 


Cattle 

No. 

Ticks 

Attached 
after  D 

up  to  24 
ipping 

hours 

Ticks 

hours 

Attached  24-48 
after  Dipping. 

Remarks. 

17th. 

18th. 

19th. 

20th. 

18th. 

19th. 

20th. 

1781  (1) 

29 

28 

9 

3 

5 

0 

2560  (1) 

28 

22 

2* 

— 

2 

0 

— 

* Removed 

2120  (2) 

9 

6 

2 

0 

3 

0 

— 

alive. 

2565  (2) 

32 

29 

16 

7 

0 

0 

— 

2233  (4) 

15 

8 

1* 

— 

1 

0 

— 

* Removed 

2235  (4) 

31 

25 

21 

i 

3 

3 

0 

alive. 

705  (5) 

24 

21 

10 

3 

3 

2 

0 

1068  (5) 

6 

2 

0 

— 

9 

5 

2 

2242  (6) 

36 

35 

26 

16 

5 

5 

2 

Total..  . 

210 

176 

87 

30 

31 

15 

4 

Percentage  of 

Ticks  Killed... 

16-2 

58-6 

85-7 

51  -6 

87 

1 | 

2.  EFFECTS  OF  THE  3-DAY  AND  5-DAY  DIPS  UPON  ADULTS 
OF  “ R.  APPENDICULATUS  ” ATTACHED  TO  THE 
HEADS  OF  THEIR  HOSTS. 

No  ticks  were  found  on  the  heads  of  the  dipped  cattle  until  the 
adults  of  R.  appendiculatvs  became  numerous,  when  they  were 
observed  attached  to  the  eyelids  of  the  animals,  and  also,  to  a lesser 
extent,  to  other  parts.  To  ascertain  how  long  adults  of  R.  appendi- 
cnlatus  remain  alive  attached  to  the  eyelids  of  cattle  that  are  dipped 
regularly  in  a 3-day  plain  arsenical  dip,  two  animals  were  kept  on 
tick-free  ground  immediately  after  they  had  been  dipped  on  the 
9th  February,  1928.  Forty-two  adult  ticks  were  counted  on  the  eye- 
lids of  these  animals  when  they  were  dipped.  Four  days  later  there 
were  ten  alive,  the  others  having  been  picked  off  dead;  on  the  fifth 
day  there  was  only  one  alive,  and  this  tick  was  found  dead  the 
following  day. 

The  dips  had  about  the  same  effect  upon  the  ticks  attached  to 
these  parts  as  upon  those  attached  to  the  ears.  Therefore,  on  farms 
infected  with  East  Coast  fever,  the  ticks  on  these  parts  should  he 
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smeared  with  a hand-dressing  mixture,  and,  on  non-infected  farms, 
should  engorged  females  he  observed,  the  same  procedure  should  he 
followed,  or  the  engorged  females  may  be  collected  by  hand.  Females 
of  B.  deeoloraius  were  never  found  on  the  heads  of  the  dipped  cattle, 
hut  were  sometimes  seen  on  the  heads  of  the  undipped  animals. 


3.  EFFECTS  OF  THE  3-DAY  AND  5-DAY  DIPS  UPON  TICKS 
ATTACHED  TO  THE  TAIL  BRUSHES. 

The  ticks  most  commonly  found  attached  to  the  brushes  were 
adults  of  R.  siunus,  hut  adults  of  H.  aegyptium  impressum  were  also 
found,  and,  on  very  rare  occasions,  an  adult  of  R.  appendiculatus. 
None  of  these  ticks,  however,  were  common  on  the  brushes,  and 
were  not  found  on  brushes  that  had  been  clipped,  nor  were  they 
observed  on  brushes  the  hair  of  which  was  half  an  inch  long,  and 
very  rarely  on  brushes  which  were  three-quarters  of  an  inch  long. 
Why  this  should  have  been  so  it  is  impossible  to  explain,  because 
all  three  species  readily  attach  themselves  to  other  parts  of  the  animals 
which  are  either  non-hairv  or  covered  with  short  hairs. 


4.  EFFECTS  OF  VARIOUS  3-DAY  DIPS  UPON  TICKS 
ATTACHED  TO  THE  HINDQUARTERS  BENEATH  THE 
TAILS  OF  CATTLE. 

The  ticks  most  common  on  these  parts  were  adults  of  R.  evertsi. 
Adults  of  H.  aegyptium  impressum  were  also  found  on  them,  and  also 
occasionally  adults  of  R . appendiculatus  when  this  tick  was  numerous. 
The  adults  of  A.  hebrueum  also  attach  themselves  to  these  parts,  but 
this  species  was  very  rarely  seen  on  animals  at  Sycamore  and  was 
by  no  means  common  on  cattle  used  for  carrying  out  dipping  tests  at 
Onderstepoort.  It  is  generally  contended  that  the  parts  beneath  the 
bases  of  the  tails  of  animals  are  not  wetted  when  the  animals  plunge 
into  and  swim  through  the  tanks,  and  that  in  order  to  kill  the  ticks 
attached  to  these  parts  it  is  necessary  to  hand-dress.  However,  the 
following  tests  that  were  carried  out  both  at  Sycamore  and  Onderste- 
poort prove  that  these  parts  are  wetted,  and  that  dipping  is  quite 
as  effective  as  spraying.  Moreover,  a large  percentage  of  ticks  that 
attached  themselves  to  these  parts  up  to  48  hours  after  dipping  in 
a 3-dav  dip  and  up  to  72  hours  after  immersion  in  a 5-day  dip  were 
killed  as  a result  of  dipping. 

To  ascertain  the  effect  of  dipping  upon  ticks  attached  to  the 
bases  of  the  tails  of  cattle,  all  ticks  were  removed  from  these  parts 
of  animals  that  were  regularly  dipped  at  Sycamore,  and  records  kept 
of  the  ticks  that  afterwards  became  daily  attached,  by  marking  the 
positions  of  the  ticks  on  diagrams.  The  results  of  these  tests  are 
shown  in  Tables  III. 

Further  tests  were  subsequently  undertaken  at  Onderstepoort, 
where  both  R.  evertsi  and  //.  aegyptium  impressum  are  more  common, 
to  confirm  the  above  observations,  and  also  to  compare  the  killing 
effects  of  various  dipping  fluids  upon  ticks. 
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TABLES  III. — SHOWING  THE  EFFECT  OF  ARSENITE  OF 
SODA  UPON  TICKS. 

A. — Animals  Infected  with  Adults  of  Rhipicephalus  e verts i, 
R.  appendiculatus,  and  H yalomma  aegyptuim  impressum  under 

Tail. 

1.  Cattle  Dipped  regularly  in  3-Day  Dip  (Strength  0.08  per  cent.). 

No.  of  cattle  12.  All  ticks  removed  on  9th  December,  1927. 
Animals  dipped  on  10th. 


Ticks  Attached  Day  previous 
to  Dipping. 

Ticks  Attached  up  to 
24  hours  after 
Dipping. 

Ticks  Attached 
24-48  hours 
after  Dipping. 

10th. 

11th. 

12th. 

13th. 

11th. 

12th. 

13th. 

12th. 

13th. 

R.  evertsi. . . . 

10 

10 

3 

2 

12 

8 

0 

12 

6 

H.  aegyptium 

3 

3 

3 

2 

2 

1 

0 

2 

0 

No.  of  cattle  11.  All  ticks  removed  on  14th  December,  1927. 
Animals  dipped  on  13th,  16th,  and  19th. 


Ticks  Attached  24-48  hours 

Ticks  Attached  Day  previous 

after  Dipping. 

to  Dipping. 

15th. 

16th. 

17th. 

18th. 

19th. 

16th. 

17th. 

18th. 

19th. 

20th. 

R.  evertsi 

9 

5 

3 

3 

0 

4 

4 

1 

1 

0 

//.  aegyptium  . . . 

6 

5 

3 

2 

0 

1 

1 

1 

1 

1 

Cow  No. 

2433 

. — All  tic! 

•s  removed 

on 

30th 

January, 

1928. 

Dipped  on  30th  January  and  2nd  February. 


Tick  Attached  24-48  hours  after  Dipping. 

Tick  Attached  up 
to  24  hours 
after  Dipping. 

1st. 

2nd. 

3rd. 

4th. 

3rd. 

4 th. 

R.  evertsi 

1 

1 

1 

0 

1 

0 
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2.  Cattle  Dipped  regularly  in  h-Day  Dip  (Strength  0.10  per  rent.). 

No.  of  cattle  8.  All  ticks  removed  on  20th  January,  1928. 
Animals  dipped  on  21st. 


Ticks  Attached  Day  previous  to  Dipping. 


21st. 

22nd. 

23rd. 

24th. 

R.  evertsi 

4 

i 

1 

0 

R.  appendiculatus 

2 

i 

0 

— 

No.  of  cattle  10.  All  ticks  removed  on  16th  January,  1928. 
Animals  dipped  on  the  16th. 


Ticks  Attached  up  to 

24  hours  after  Dipping. 

17th.  18th. 

19th. 

20th. 

R.  evertsi 

(i  i 5 

1 

2 

0 

No.  of  cattle  2.  All  tieks  removed  on  the  2nd  February,  1928. 
Animals  dipped  on  61st  January. 


Ticks  Attached  48-72  hours  after  Dipping. 


3rd. 

4th. 

5th. 

R.  evertsi 

H.  aegyptium 

8 

1 

8 

1 

i 

0 
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TABLES  IV.— SHOWING  THE  EFFECT  OF  VARIOUS 
DIPPING  FLUIDS  UPON  TICKS. 


1.  Cattle  Sprayed  under  Tail  with  Arsenite  of  Soda 
(Strength  0.16  per  cent.  As203). 

(a)  Rliipicephalus  evertsi  under  Base  of  Tail. 


Date  of 

Cattle 

No.  of 
Ticks 

Days  after  Spraying. 

Spraying. 

No. 

Day  of 
Spraying. 

1. 

2. 

3. 

4. 

5. 

*4.  9.28 

3690 

102 

24.  9.28 

4532 

63 

12 

4 

3 

3 

— 

1(5.10.28 

4532 

93 

18 

7 

4 

— 

— 

22.10.28 

3701 

155 

7 

5 

— 

— 

— 

29.10.28 

4558 

172 

5 

(leng.  ?) 

4 

3 

(leng.  $) 

— 

5.11.28 

3701 

237 

9 

7 

4 

4 

4 

26.11.28 

4532 

67 

8 

2 

(1  eng.  9) 

1 

1 

— 

26.11.28 

4558 

110 

5 

1 

1 

■ 

— 

t 4.12.28 

3690 

182 

3 

— 

— 

— 

— 

f 4.12.28 

3701 

167 

— 

— 

— 

— 

— 

Total. 

1,348 

67 

30 

16 

9 

4 

Percentage 

of  Ticks 

Killed.. 

95 

97-7 

98-8 

99-3 

99-7 

* Animal  sprayed  for  first  time, 
t Sprayed  lightly  without  jet. 


(It)  Hyalomma  aegyptium  impressum  under  Base  of  Tail. 


Date  of 
Spraying. 

Cattle 

No. 

No.  of 
Ticks 
Day  of 
Spraying. 

Days  after  Spraying. 

1. 

2, 

3. 

4. 

5. 

* 4.  9.28 

3690 

10 

2 

i 

1 

24.  9.28 

4532 

1 

1 

i 

1 

— 

— 

16.10.28 

4532 

5 

1 

— 

— 

— 

— 

22.10.28 

3701 

2 

1 

i 

— 

— 

— 

29.10.28 

4558 

11 

7 

3 

3 

(leng.  9) 

— 

(1  eng.  ?) 

(1  eng.  9) 

5.11.28 

3701 

12 

1 

— 

— 

— 

— 

26.11.28 

4532 

16 

5 

3 

3 

(leng.  9) 

26.11.28 

4558 

14 

7 

2 

2 

2 

i 

(1  eng.  $) 

t 4.12.28 

3690 

20 

— 

— 

— 

— 

— 

t 4.12.28 

3701 

30 

— 

— 

— 

— 

— 

Total. 

121 

25 

11 

10 

4 

i 

Percentage 

of  Ticks 

Killed.  . 

79-3 

90-9 

91  -7 

96-7 

99  • 2 

* Animal  sprayed  for  first  time, 
t Sprayed  lightly  without  jot. 


19 
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TABLES  IV.— SHOWING  THE  EFFECT  OF  VARIOUS 
HIPPING  FLUIDS  UPON  TICKS — (continued). 

2.  Cattle  Sprayed  under  Tail  with  Five-  to  Seven-Day  Labora- 
tory Dip  (Arsenite  of  Soda,  Strength  0.1G  per  cent.,  plus 
Soap  and  Paraffin). 


(a)  Rhipicephalus  evertsi  under  Base  of  Tail. 


Date  of 

Cattle 

No.  of 
Ticks 

Days  after  Spraying. 

Spraying. 

No. 

Day  of 
Spraying. 

1. 

2. 

3. 

4. 

5. 

5.2.29 

4532 

69 

3 

(leng.  $) 

i 

0 

— 

— 

5.2.29 

3701 

67 

— 

— 

— 

— 

— 

11.2.29 

4558 

80 

— 

— 

— 

— 

— 

11.2.29 

3690 

99 

5 

— 

— 

— 

— 

18.2.29 

4532 

66 

2 

2 

2 

1 

1 

18.2.29 

3701 

101 

— 

— 

— 

— 

— 

25.2.29 

4558 

113 

12 

6 

(1  eng.  $) 

1 

— 

— 

25.2.29 

3690 

158 

11 

5 

— 

— 

— 

4.3.29 

4532 

41 

6 

2 

1 

1 

1 

4.3.29 

3701 

109 

1 

— 

— 

— 

— 

Total. 

903 

40 

16 

4 

2 

2 

Percentage 

of  Ticks 

Killed. . 

95-5 

98-2 

99-5 

99-7 

99-7 

(b)  Hyalomraa  aegyptiimi  impressum  under  Base  of  Tail. 


Date  of 

Cattle 

No.  of 
Ticks 

Days  after  Spraying 

Spraying. 

No. 

Day  of 
Spraying. 

1. 

2. 

3. 

4. 

5. 

5.2.29 

4532 

30 

22 

(1  eng  ?) 

9 

2 

— 

- 

5.2.29 

3701 

T 

— 

— 

— 

— 

— 

11.2.29 

4558 

— 

— 

— 

— 

— 

— 

11.2.29 

3690 

— 

— 

— 

— 

— 

— 

18.2.29 

4532 

17 

5 

3 

i 

1 

1 

18.2.29 

3701 

6 

— 

— 

— 

— 

— 

25.2.29 

4558 

2 

i 

1 

— 

— 

— 

25.2.29 

3690 

2 

— 

— 

— 

— 

— 

1.3.29 

4532 

6 

i 

— 

— 

— 

— 

4.3.29 

3701 

9 

3 

— 

— 

— 

— 

Total. 

79 

32 

13 

3 

1 

1 

Percentage 

of  Ticks 

Killed. . 

60 

83-5 

96-2 

98-7 

98-7 
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TABLES  IV. — SHOWING  THE  EFFECT  OF  VARIOUS 
DIPPING  FLUIDS  UPON  TICKS — (continued) . 

3.  Cattle  Sprayed  under  Tail  with  Copper  Sulphate  Dip 
(CuS04  8 lil,  As2()3  2 lb.,  HCL  1.6  pints,  Water  100  galls.). 

(a)  Rliipicephalus  evertsi  under  Base  of  Tail. 


Date  of 

Cattle 

No.  of 
Ticks 

Days  after  Spraying. 

Spraying. 

No. 

Day  of 
Spraying. 

1. 

2# 

3. 

4. 

5. 

g 21.1.29 

* PP« 

3701 

91 

4 

(1  eng.  $) 

i 

— 

— 

— 

21.1.29 

4532 

64 

19 

i 

1 

— 

— 

12.3.29 

4558 

75 

20 

4 

2 

2 

1 

12.3.29 

3690 

84 

17 

9 

6 

6 

3 

18.3.29 

3701 

94 

8 

1 

1 

— 

— 

*18.3.29 

4532 

62 

16 

8 

2 

1 

1 

*18.3.29 

2782 

39 

8 

2 

i 

1 

If 

18.3.29 

2785 

112 

21 

2 

i 

1 

1 

25.3.29 

2786 

125 

10 

6 

6 

6 

6 

25.3.29 

2787 

102 

10 

4 

1 

(leng.  $) 

“ 

Total. 



848 

133 

38 

21 

17 

13 

Percentage 

of  Ticks 

Killed. . 

84-3 

95-5 

97-5 

97-7 

98-4 

* Animal  sprayed  for  first  time, 
f $ very  slightly  engorged. 


( I) ) Hyalomma  aegyptium  impressum  under  Base  of  Tad. 


Date  of 
Spraying. 

Cattle 

No. 

No.  of 
Ticks 
Day  of 
Spraying. 

Days  after  Spraying. 

1. 

2. 

3. 

4. 

5. 

21.1.29 

3701 

15 

2 

21.1.29 

4532 

7 

i 

— 

— 

— 

— 

12.3.29 

4558 

2 

i 

1 

1 

1 

— 

12.3.29 

3690 

— 

— 

— 

— 

— 

— 

18.3.29 

3701 

2 

i 

— 

— 

— 

18.3.29 

4532 

9 

5 

4 

3 

3 

3* 

f 18.3.29 

2782 

2 

i 

— 

— 

— 

f 1 8 . 3 . 29 

2785 

3 

i 

— 

— 

— 

25.3.29 

2786 

5 

— 

— 

— 

— 

— 

25.3.29 

2787 

4 

— 

— 

— 

— 

Total. 

49 

12 

5 

4 

4 

3 

Percentage 

of  Ticks 

Killed.  . 

75-7 

89-7 

91-8 

91-8 

93-8 

* 1 engorged  $,  1 unengorgod  $,  and  1 
•[•  Animal  sprayed  for  first  timo. 
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TABLES  IV. — SHOWING  THE  EFFECT  OF  VARIOUS 
DIPPING  FLUIDS  UPON  TICKS — (continued) . 

4.  Cattle  Sprayed  under  Tail  with  Cooper’s  Improved  Cattle 
Dip  (Strength  0.16  per  cent.  As,03). 

(a)  Rhipicephalus  evertsi  under  Base  of  Tail. 


Date  of 
Spraying. 

Cattle 

No. 

No.  of 
Ticks 
Day  of 
Spraying. 

Days  after  Spraying. 

1. 

2. 

3. 

4. 

5. 

* 4.  9.28 

3701 

96 

20 









*10.  9.28 

4532 

79 

36 

2 

— 

— 

— 

24.  9.28 

4558 

101 

38 

5 

4 

— 

— 

( 2 eng.  $) 

22.10.28 

3690 

184 

9 

8 

5 

4 

3 

12.11.28 

4558 

127 

14 

2 

1 

1 

1 

(2  eng.  $) 

12.11.28 

4532 

179 

9 

3 

2 

1 

1* 

19.11.28 

3690 

174 

— 

— 

— 

— 

— 

19.11.28 

3701 

185 

3 

3 

— 

— 

— 

+10. 12.28 

4532 

242 

19 

10 

5 

2 

2 

(1  eng.  ?) 

(4  eng.  ?) 

J 1 0 .12.28 

4558 

162 

7 

1 

— 

— 

— 

(4  eng.  ?) 

Total. 

1,529 

155 

34 

17 

8 

7 

Percentage 

of  Ticks 

Killed.. 

89-9 

97-8 

98-9 

99-5 

99-5 

* Animal  sprayed  for  first  time. 

f Tick  in  fold  of  skin,  and  probably  escapid  spraying. 
{ Sprayed  lightly  with  jet. 


(b)  Hyalomma  aegyptium  impressum  under  Base  of  Tail. 


Date  of 

Cattle 

No.  of 
Ticks 

Days  after  Spraying. 

Spraying. 

No. 

Day  of 
Spraying. 

1. 

2. 

3. 

4. 

5. 

* 4.  9.28 

3701 

5 

3 

2 





— 

*10.  9.28 

4532 

8 

8 

2 

— 

— 

— 

24.  9.28 

4558 

6 

3 

2 

2 

— 

— 

22.10.28 

3690 

3 

1 

— 

— 

— 

— 

12.11.28 

4558 

8 

2 

2 

2 

2 

1 

12.11.28 

4532 

23 

16 

(1  eng.  ?) 

9 

(2  eng.  $) 

7 

6 

6f 

(1  eng.  ?) 

19.11.28 

3690 

2 

1 

1 

— 

— 

— 

19.11.28 

3701 

3 

— 

— 

— 

— 

— 

J10. 12.28 

4532 

25 

10 

3 

2 

(1  eng.  ?) 

— 

HO. 12.28 

4558 

15 

2 

(1  eng.  $) 

— 

— 

— 

Total. 

98 

46 

22 

13 

8 

7 

Percentage 

of  Ticks 

Killed.. 

53- 1 

77-5 

86-7 

91-8 

92-8 

* Animal  sprayed  for  first  time. 

t Ticks  in  fold  of  skin,  and  probably  escaped  spraying. 
J Sprayed  lightly  without  j 3t. 
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TABLES  IV.— SHOWING  THE  EEEEC'T  OF  VARIOUS 
DIPPING  FLUIDS  UPON  TICKS — ( continued ). 

5.  Cattle  Dipped  in  Cooper’s  Improved  Cattle  Dip 
(Strength  0.16  per  cent.  As203), 


(a)  Rhipicephalus  evertsi  under  Base  of  Tad. 


Date  of 
Dipping. 

Cattle 

No. 

No.  of 
Ticks 
Day  of 
Dipping. 

Days  after  Dipping. 

1. 

2. 

3. 

4. 

5. 

*10.  9.28 

4558 

77 

56 

10 

3 

(le.  g.  $) 

18.12.28 

3090 

185 

— 

— 

— 

— 

— 

18.12.28 

3701 

158 

— 

— 

— 

— 

— 

14.  1.29 

3690 

147 

— 

— 

— 

— 

— 

14.  1.29 

4558 

128 

8 

— 

— 

— 

— 

Total. 

695 

64 

10 

4 3 

1 

— 

Percentage 

of  Ticks 

Killed. . 

90-8 

98-5 

99-5 

99-9 

100  0 

* Animal  dipped  for  first  time. 


(b)  Hyalomma  aegyptium  impressum  under  Base  of  Tail. 


Date  of 
Dipping. 

Cattle 

No. 

No.  of 
Ticks 
Day  of 
Dipping. 

Days  alter  Dipping. 

1. 

2. 

3. 

4. 

5. 

*10.  9.28 

4558 

10 

7 

6 

1 

1 

i 

18.12.28 

3690 

15 

2 

(leng.  $) 

— 

— 

— 

(1  eng.  ?) 

18.12.28 

3701 

24 

— 

— 

— 

— 

— 

14.  1.29 

3690 

13 

— 

— 

— 

— 

— 

14.  1.29 

4558 

26 

() 

— 

— 

— 

— 

(3  eng.  $) 

Total. 

88 

15 

7 

1 

1 

i 

Percentage 

of  Ticks 

Killed . . 

83 

92 

99 

99 

99 

* Animal  dipped  for  first  time. 


The  cattle  used  for  these  tests  were  sent  to  a tick-infested  f;mn 
where  they  remained  for  a week.  Then  they  were  brought  to  the 
Laboratory,  the  ticks  attached  beneath  their  tails  were  counted,  and 
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the  animals  either  sprayed  with  a hand-sprayer  (bucket  type)  01 
dipped.  After  spraying  or  dipping,  the  animals  were  kept  in  a tick- 
free  stable,  and  every  day  they  were  examined,  the  ticks  counted, 
and  the  dead  ones  removed.  At  the  end  of  a week  they  were  sent 
back  to  the  farm,  and  other  animals  brought  in  for  further  tests. 

In  comparing  the  efficacy  of  various  dipping  fluids,  spraying 
was  adopted  in  preference  to  dipping,  not  only  because  the  results 
of  spraying  were  found  to  be  as  reliable  as  dipping,  and  the  results 
obtained  with  both  methods  were  practically  the  same  (compare  Tables 
IV,  4 and  5),  but  also  because  spraying  considerably  reduced  the 
cost  of  the  tests  and  saved  a considerable  amount  of  labour.  For 
spraying  the  animals  under  the  tails  less  than  4 gallons  of  fluid 
was  required,  whereas  had  the  animals  been  dipped  it  would  have 
been  necessary  to  have  made  up  4,000  gallons  of  fluid  for  each  dip 
tested. 

The  results  obtained  are  shown  in  Tables  IV,  except  that,  in 
addition  to  these,  eleven  adults  of  A.  hebraeym  were  observed  on 
cattle  sprayed  with  Cooper’s  Improved  Cattle  Dip  and  plain  As203. 
Of  these,  six  were  found  to  be  dead  the  day  after  spraying,  and  on 
the  following  day  all  had  died.  On  examining  these  tables,  it  will 
be  observed  that  on  the  whole  excellent  results  were  obtained,  and 
that  the  results  obtained  with  the  plain  arsenical  5-day  dip  were 
either  practically  or  equally  as  good  as  the  results  obtained  with 
the  same  fluid  containing  various  additional  chemicals.  The  addition 
of  these  chemicals,  therefore,  does  not  warrant  their  extra  cost.  The 
arsenical  dip  containing  copper  sulphate  was  tested  because,  some 
years  ago,  we  undertook  a large  number  of  dipping  tests  with  various 
chemicals  by  immersing  engorged  females  of  B.  decoloratus  in  them 
in  vitro f and  this  preparation  gave  the  most  promising  results.  In 
addition  to  the  dipping  fluids  listed  in  the  tables,  similar  spraying 
tests  were  also  carried  out  with  “ Volck,”  a preparation  made  by 
the  California  Spray  Chemical  Co.,  and  a Mexican  marigold  solution, 
made  by  boiling  1 lb.  of  the  plant  in  4 gallons  water.  These  fluids 
had  no  ill-effect  upon  the  ticks,  and  therefore  acted  as  controls  to 
the  above  tests. 


5.  EFFECTS  OF  THE  -3-DAY  AND  5-DAY  PLAIN  ARSENICAL 
DIPS  UPON  TICKS  ATTACHED  TO  THE  BODIES  AND 
LEGS  OF  ANIMALS. 

The  ticks  attached  to  the  bodies  and  legs  of  dipped  cattle  at 
Sycamore  were  not  nearly  as  numerous  as  those  observed  on  ihese 
parts  on  the  undipped  cattle,  and  engorged  females  were  very  rarely 
seen  on  them  except  when  the  ticks  became  very  numerous,  and  then 
only  occasionally.  Females  of  B.  decoloratus  were  never  observed  on 
the  bodies  and  legs  of  cattle  that  had  been  regularly  dipped  for  more 
than  two  weeks,  although  they  were  fairly  numerous  on  these  parts 
on  undipped  cattle.  Although  no  observations  were  made  to 
ascertain  the  mortality  rate  of  tbe  ticks  attached  to  these  parts  as  a 
result  of  dipping',  it  may  be  stated  that  the  effects  of  the  dips  upon 
ticks  attached  to  these  parts  were  even  more  favourable  than  with 
those  ticks  attached  to  the  hindquarters  beneath  the  tails. 
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fi.  EFFECTS  OF  ARSENICAL  DIPS  UPON  FEMALES  THAT 
LIVE  TO  ENGORGE  THEMSELVES  UPON  DIPPED 
CATTLE. 

Fully  engorged  females  were  collected  from  various  parts  of 
dipped  cattle,  and  the  majority  of  these  either  died  within  a few 
days  without  laying  eggs,  or  laid  an  abnormally  small  number  of 
eggs  that  failed  to  hatch.  Very  rarely  did  a female  lay  egg's  that 
retained  their  vitality  and  hatched  in  due  course. 

SUMMARY  AND  CONCLUSIONS. 

Effects  of  Various  Dipping  Fluids  upon  Adult  Ticks  that 
attach  Themselves  to  Animals  that  are  Regularly  Dipped. 

In  South  Africa  there  are  a large  number  of  farmers  who  grossly 
underestimate  the  value  of  dipping,  and  some  have  even  contended 
that  while  dipping  keeps  ticks  in  check  for  a time,  after  a period 
of  regular  dipping  the  fluids  lose  their  killing  powers,  and  this  they 
attribute  to  the  fact  that  I he  ticks  gradually  become  resistant  to 
arsenical  poisoning  in  the  same  way  as  animals  acquire  tolerance  to 
a certain  extent.  Their  reasoning,  although  incorrect,  is  easy  to 
understand.  Had  the  dipping  tests  at  Sycamore  been  carried  out  by 
a farmer,  he  would  have  observed  that  the  more  frequently  he  dipped 
the  animals  the  more  badly  infected  with  ticks  they  became,  and  he 
would  undoubtedly  have  come  to  the  conclusion  that  the  dipping- 
fluids  used  were  worse  than  useless.  Such,  however,  was  far  from 
being  the  case.  Farmers  are  not  in  a position  to  judge  the  efficacy 
of  a dip  by  comparing  from  time  to  time  the  number  of  ticks  attached 
to  animals  that  are  regularly  dipped,  because  there  is  no  dipping- 
fluid  known  that  will  prevent  ticks  getting  on  to  animals,  and  the 
number  of  ticks  seen  on  animals  will  vary  in  different  seasons  of 
the  year  owing  to  climatic  conditions  and  the  life-cycles  of  the  ticks. 
Also,  the  tick  infestation  may  vary  weekly  if  animals  are  grazed  on 
different  parts  of  a farm.  Moreover,  on  examining  animals,  the 
same  species  of  ticks  are  invariably  found  attached  to  the  same  parts 
of  their  hosts,  and  this  will  mislead  the  farmer  into  believing  that 
he  is  always  seeing  the  same  individual  ticks  week  after  week.  The 
only  species  of  ticks  which  should  not  be  found  on  animals  after  they 
have  been  regular! v dinned  for  two  or  more  weeks  in  either  a 3-,  5-, 
or  7-day  dip  are  Boophihis  decoloratus  and  Mar  gar. opus  winthemi. 
This  is  because  these  species  are  one-host  ticks,  and  the  immature 
stages  which  are  too  small  to  In*  observed  are  killed  by  the  dipping 
fluids  before  the  stages  become  adults. 

The  experiments  carried  out  both  at  Sycamore  and  Onderstepoort 
prove  that:  — 

1.  The  plain  arsenical  dip  used  at  both  3-  and  5-day  strengths, 
also  the  Laboratory  and  copper  sulphate  dips  used  at  5-day 
strengths,  and  Cooper’s  Improved  Cattle  Dip  at  the 
strength  recommended  by  the  makers  for  use  at  14  days’ 
interval  (at  this  strength  it  can  also  hi*  used  at  5-7  days’ 
interval)  can  he  relied  upon  to  kill  a very  large  percentage 
of  ticks  that  attach  themselves  to  animals  that  are 
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regularly  dipped.  Furthermore,  should  females  live 
sufficiently  long  on  dipped  animals  to  engorge  themselves, 
the  majority  either  die  within  a few  days  after  leaving 
their  hosts  without  laying  eggs,  or,  should  they  lay,  the 
eggs  fail  to  hatch.  Very  rarely  does  a female  that  drops 
off  a dipped  animal  lay  eggs  that  retain  their  vitality. 

2.  The  results  of  the  spraying  tests  (shown  in  Tables  IY), 

undertaken  to  compare  the  killing  effects  of  the  above 
arsenical  dips  upon  ticks,  showed  that  the  plain  arsenical 
5-day  dip  (0.16  per  cent.  As203)  was  either  practically  or 
equally  as  good  as  the  same  fluid  containing  various 
additional  chemicals,  and  that  the  addition  of  these 
chemicals,  therefore,  does  not  warrant  their  extra  cost. 

3.  The  dips  do  not  prevent  the  ticks  from  attaching  them- 

selves to  their  hosts  after  the  latter  have  been  immersed. 

4.  The  dipping  fluids  not  only  kill  a very  large  percentage 

of  the  ticks  that  are  attached  when  their  hosts  are  dipped, 
but  it  was  also  observed  that  the  percentage  of  deaths 
invariably  increased  in  the  case  of  ticks  that  attached 
themselves  to  the  ears  of  cattle  up  to  48  hours  after  the 
animals  were  immersed  in  either  the  3-day  (0.08  per  cent. 
As203)  or  5-day  (0.16  per  cent.  As203)  plain  arsenical  dips, 
and  also  in  the  case  of  ticks  that  attached  themselves  to 
the  hindquarters  beneath  the  tails  of  cattle  up  to  48  hours 
after  their  hosts  had  been  dipped  in  a 3-day  dip,  and  up 
to  72  hours  after  their  hosts  had  been  immersed  in  a 
5-dav  dip. 

5.  Dipping  is  far  more  effective  in  killing  ticks  attached  to 

the  hindquarters  beneath  the  tails  of  their  hosts  than  is 
generally  considered  to  be  the  case;  the  results  obtained 
by  dipping  being  equally  as  good  as  those  obtained  by 
spraying  ticks  attached  to  these  parts  with  the  same  fluid 
used  at  the  same  strength. 

6.  The  dips  are  more  effective  in  killing  adult  ticks  attached 

to  the  bodies  and  beneath  the  tails  of  their  hosts  than  those 
attached  to  the  ears  and  heads.  Only  52.5  per  cent,  of 
the  adults  of  R.  appendiculatus  that  were  attached  to  the 
ears  of  cattle  that  had  been  dipped  in  a 0.16  per  cent. 
As203  solution  died  within  24  hours  after  dipping;  79.4 
per  cent,  of  the  ticks  were  dead  two  days  after  dipping, 
and  90  per  cent,  were  dead  on  the  third  day  after  dipping. 
Of  adults  of  R.  evertsi  attached  beneath  the  bases  of  the 
tails  of  cattle  sprayed  with  the  same  solution,  95  per  cent, 
were  found  to  be  dead  24  hours  after  spraying. 

7.  Clipping  the  hair  on  the  fringe  of  the  ears  appeared  to  have 

no  beneficial  effect  in  killing  the  ticks. 

8.  Since  the  larvae  and  nymphs  normally  only  live  in  the  ears 

of  their  hosts,  they  can  be  satisfactorily  destroyed  by 
means  of  a suitable  hand-dressing  mixture  applied  every 
three  days.  Should  these  stages  attach  themselves  to  other 
parts  of  (he  body,  regular  dipping  at  five  days’  interval 
can  be  relied  upon  to  kill  them,  and  any  animals  that 
cannot  be  dipped  should  be  sprayed  with  a hand-pump. 
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9.  Regular  dipping  of  stock  should  be  carried  out  every  five 
days  on  farms  infected  with  East  Coast  fever,  and  every 
five  to  seven  days  on  non-infected  farms.  Dipping  cannot 
be  relied  upon  to  kill  adult  ticks  within  three  days,  the 
time  required  for  infected  ticks  to  remain  on  their  hosts 
to  infect  them.  However,  the  majority  of  the  adults  of' 
R.  appendiculatus  attach  themselves  to  the  ears  of  their 
hosts,  and  can  be  speedily  destroyed  by  applying  a suitable 
hand-dressing  mixture.  Ticks  attached  to  other  parts  of 
the  head  should  he  dealt  with  in  a similar  manner.  The 
adults  of  R.  evertsi  mainly  attach  themselves  to  the  hind- 
quarters beneath  the  tail  and  can  likewise  be  dealt  with 
by  hand-dressing.  Those  of  R.  sivius  attach  themselves 
to  the  fetlocks  and  brushes  of  the  tails  of  cattle,  and  the 
latter  can  be  kept  free  of  ticks  by  clipping. 

10.  In  the  past  it  has  frequently  been  advocated  that  an 
arsenical  dip  containing  0.24  per  cent.  As203  should  be 
used  at  a 14-day  interval  to  eradicate  Amblyomma 
hebraeum,  the  transmitting  agent  of  heartwater,  because 
it  was  considered  that  weaker  solutions  used  at  shorter 
intervals  were  ineffective  against  this  species.  It  must  he 
admitted  that  the  stronger  the  dip  the  more  effective  it 
will  be  in  killing  ticks,  but  as  the  14-day  interval  is 
too  long  a period  on  account  of  the  short  time  the  ticks 
remain  upon  their  hosts,  the  7-day  strength  used  at  five 
to  seven  days’  interval  is  bound  to  be  more  effective, 
especially  in  destroying  the  immature  stages  of  ticks 
attached  to  various  parts  of  animals  other  than  the  inside 
of  the  ears.  In  Australia,  farmers  have  been  using  the 
14-day  dip  to  eradicate  Boophilus  viicroplus  ( australis ), 
and  Sir  Arnold  Theiler  informs  me  that  this  dip  was  by 
no  means  effective  in  killing  this  species.  If  the  14-day 
dip  is  not  effective  against  species  of  Boophilus — which 
are  reputed  to  be  the  easiest  ticks  to  kill  owing  to  their 
having  a very  short  proboscis,  and,  moreover,  being  one- 
host  ticks,  remain  on  their  hosts  for  longer  periods  than 
other  species — then  surely  this  dip  cannot  possibly  be 
effective  against  other  species  of  ticks.  Roth  the  3-day 
and  7-day  dips  are  very  effective  in  killing  species  of 
Boophilus , therefore  they  are  bound  to  he  more  effective 
than  the  14-dav  dip  in  killing  other  species  of  ticks. 
Furthermore,  the  results  of  tests  carried  out  with  7-day 
dips  proved  that  this  dip  is  very  effective  in  killing  adults 
of  R.  evertsi  and  //.  aeyyptiuui,  the  latter  being  as 
difficult  to  kill  as  A.  hebraeum , and  the  few  observations 
we  were  able  to  make  on  the  effects  of  this  dip  upon  adults 
of  d . hebraeum  were  also  entirely  satisfactory. 
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